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Th ' : slee P a ^ n&a syndrome, and in particular obstructive sleep 
apnea, afflicts an estimated of to 9% of the general population and. it 
due to episodic upper airway obstruction dosing sleep. Those 
afflicted with obstructive sleep apnea experience sleep fr^^tation 
and iorersittent, complete or nearly complete cessation of ventilation 
during sleep with potentially severe degrees or oryber.opl.obin 
unsaturatiorn These features may be translated clinically into 
debilitating daytine sleepiness, cardiac disrhythmias , 

pnironery-artery hyper tens ion, congestive heart failure and cognitive 
dysfunction. other sequelae of sleep apnea inclose right ventricular 
dysfunction with cor pulmonale, carton dioxide retention during 
wakefulness as well, as during sleep, and continuous reduced arterial 
oxygen tension. hypcrassnclent clean apnea patients nay be at rusk 
for ercessive Mortality fro,n these factors as well as free an elevated 
risk for accidents seen as while driving sr operating other 
potentially dangerous eqnipnent. 

Although details of the pathopnssis of upper airway obstruction 



In sleep apnea patients save not been Sully d&fifcfcS* it is generally 
accepted that the mechanism includes either anatoaic or functional 
abnormal i ties of too upper airway mi&K result in increased air flaw 
resistance. Such abnornalitiaa aay include narrowing of the upper 
airway doe to section forces a vulvae; daring iusr Irshioo f the effect of 
gravity pulling the tongue baob to appose the pharyngeal wall, and/or 
insufficient ousole tone in the upper airway dilator nuscl.es. It has 
also teen hypothasleed that a aebhanisa responsible for the Known 
association between: obesity and sleep apnea is excessive soft tissue 
in the anterior and lateral neck which applies sad fie last pressure on 
internal structures to narrow the airway. 

alia trestmsst of sleep apnea has i release such sorgioa:! 
interventions as uvalopadatopharyngoplasxy, gastric surgery tor 
obesity, and nasill©'-f aaial rgcoBStructioru another mode of surgical 
intervention used in the treatouuC of sleep apnea is tracheostomy* 
Phase treatments constitute oajer nndertaleings with oonsidorabie risk 
of pssr-»ope native morbidity if net mortality* Pharnacologic therapy 
has fa genera! bwp fills appoint log, especially in patients with sore 
than wild sleep apnea. In addition, aide affects fron the 
pharmacologic agar to that hare been used are frequent. Thus, nodical 
practitioners continue to seep non-invasive nodes of treatoaoh for 
sleep apnea with high success rates and high patient ccapliaoca 
including, for erarryle in caaas relating to obesity, weight loss 



tihrough a regimen of exercise and regulated diet. 

Recent worn kp the treatment of sleep apnea has Included the use 
of coiitiBUo^s positive airway pressure (CPAP) to maintain the airway 
of the patient In a contirmoualy open state during sleeps For 
example ^ U.S. patent 4,655,2X3 end Australian patent 
hohh disclose: sleep apnea treatments ha sad on eontinuous positive 
airway pressure applied within the airway of the patient e 

Also of interest Is U.S. patent 4,773,411 which discloses a nether 
and apparatus for ventilatory treat sent character i aed as airway 
pressure release ventilation and. which provides a substantially 
constant elevated airway pressure with periodic short tern reductions 
of the elevated airway pressure to a pressure magnitude no less than 
ambient a t no spher 1 o pressure ,. 

Publications pertaining to the application of CeAP In treatment o: 
sleep apnea Inolude the following? 

h Idndsay, IDA, Xssa FS y and Sullivan ^Mechanisns of Sleep 

Desatnration in Chronic Airflow Limitation Studied with Nasal 

Continuous Positive Airway Pressure (CPAPVW JmJ^ 'MskRiX gj%. 

1982? 125 ; p. 1X2. . 



Sanhars mi, Score S£, ivsslaga J. »CW via sasal sask: A 
treatment: f or occlusi ve s leep apn«a !S :S |ate.^&.< 1^83 ? 83 a pp . 
144-2 43* 

Sullivan CF> Serthorahrases M, lasa F8k ^amission of severe 
Dbaaity-~Kypoveat:il.atior$ synhrase after skert-taras treatosst 
oaring siaep with continuous positive airway pressure", Km R»y 
B^pi^Mai, lassa i.aB-j pp. % : ?7~iti ... 

Sullivan CS } Issa Fkh Berthon-Jones H, Fvaslaae> * Reversal of 
obstructive sleep apnea hy coniiaaoas positive airway pressure 
applied thronah the tares" , lasaset^ imi-S Is pp. 862-865 . 

Sail i van GZ< Barttea-aeaes M « Issa FG, "feestsent of 
ofestryeti.ve apnea with continuous- positive airway pressure 

appllacl fhreaga the aosa ! h &ft 1^»„mm&£...S$izk* 188 2 ? X2f>x 

p. 102. Anneal Meeting Abstracts > 

kapoport DM, Sorhin 8 f saray Sep heiarlnp MM, s theveraal of she 

^ Pickwickian Syndrom®' by losp-tarn aea of nocturnal 

nasal -airway prassara'h -^Ms^M^J^i 1888; 30? t pp . 93i- 3a:h 



Sanders MR f Bolter IC f Fanaock BE. ! P8-ka elf act of nasal CPAP 
on various sleep apnea eatterasap Caept f \983f 84; p.. 338 . 



Presented at the? Annual Meeting of the American College of 
One st: Physicians , Chicago XL, October 1983. 

Although CPAP has heen found to be very effective and well 
aceept^i, it suffers from none of the same limitations, although to a 
lesser degree , as do the surgical options? specifically, a significant 
proportion of sleep apnea patients do not tolerate C'PAP well. Thus, 
development of other viable nen-invasivs therapies has been a 
continuing objective in the art. 

BRIEF SUMMARY OF THE INVENTION 

The pros not invention contemplates a novel and improved net hod for 
treatment of sleep apnea as well as novel methodology and apparatus 
for carrying cut such improved treatment method. The invention 
contemplates the treatment of sleep apnea through application of 
pressara at variance with ambient atmospheric pressure within the 
upper airway of the patient in a manner to promote dilation of the 
airway to thereby relieve upper airway occlusion during sleep v 

In one embodiment of the Invention, positive pressure is applied 
alternately at relatively higher and lower pressure levels oithin the 
alroay of the patient so that the pressure-induced force applied to 
dilate the patient! s airway is alternately a larger and a smaller 



magnitude dilating force. The higher and lover magnitude positive 
pressures are initiated fey spontaneous patient respiration with the 
hinder magnitude pressure helm applied during inspiration and the 
lower magnitude pressure being applied erring expiration. 

The invention further contemplates a novel and Improved apparatus 
which is operable in accordance with a novel and improved method to 
provide sleep apnea treatment. More specif itally, a flow generator 
and an adjustable preeeure controller supply air flow at a 
predetermined; adjustable pressure to the airway of a patient through 
a slow transdnearu The flow transducer generates an output signal 
which is then oenditioned to provide a signal proportional to the 
instantaneous flow rate of air te the parient. The instantaneous flow 
rate signal is fed to a lew pass filter which passes only a signal 
led -.native of the average f lew rata over tine. Tee average, flow rate 
signal typically would he expected to be a value representing a 
positive flow as the sua ten is likely to hare at least minirai leakage 
from the patient circuit, (e.g. snail, leaks about the perimeter of the 
respiration mask worn by the patient). The average flow signal is 
indicative of leakage because the suneation of ail other components of 
flow ever tire snrat he essentially aero since inspiration flow oaec 
equal expiration flow volume over tine, that is, over a period of fine 
the volume of air breathed in equals the volume of the gases breathed 
ont> | 



Both the instantaneous f low signal and the average flow rata 
signal are ted: to m iBSsiration/eKpitatlpa decision Mociala which i&, 
is its simplest fss, a ooep>arator that eontlnuallv coaparss tha input 
signals and provides a corresponding drive signal to thf pressure 
controller v In general when ths Instantaneous flow excesds averaoe 
il.m t the pa tiest is Inhaling and: the dries signal supplied to the- 
pressure controller sets the praesure eon trailer to deliver air, at a 
preselected elevated pressure, to the airway of she patient. 
Siellariy, when the inseantaneous flow rata is less than the averags 
flow rats, the patient is exhaling and the deoie Ion circuitry thus 
provides a drive signal to set the fressurs controller to provide a 
relatively lower sagoitaee of pressure in the airway of the patient. 
The patient '.s airway thus is saints inee span by slternaolng higher 
and lower s^npoifsdea of pressure onion are applied daring spontaneous 
Inhalation and exhalation - s respect iveiy, 

As has been noted, soae sleep apnea patients do not tolerate 
standard CPAP therapy! Specif ioailp, apgroxisataip 25% of patients 
cannot tolerate ChAP dee to the attendant discomfort, CFhp oandatea 
ague! pressures during both inhalation and exhalation. The elevated 
-pressure daring both phases of breathing map create -difficulty in 
exhaling and the sensation of an inflated chant < however, on have 
da tar si ned that although both Inspiratory and sscpiratory air flow 



resistances In tne airway are el abated daring sleep preceding the 
onset of apea, the airway flow resistance ^ay be less during 
expiration than during inspiration. Thus it follows that; the bi~ level 
(IPAP therapv of our invention as character iaaci above ts&y ha sufficient 
to oaintain pharyngeal patanoy during expiration oven though the 
pressure applied earing eaplr anion is not as high as that needed to 
oaiutain pharyngeal patency daring irispiracioa ... In addition, some 
patients ^ay have ineraased upper airway resistance prinarily daring 
inspiration with resul ting adverse physiologic cons e qn enc es > Thus , 
our invention also contemplates applying a leva ted pressure only dnr lag 
inhalation thus eliminating the need for global (inhalation and 
exhalation) inoraasas in airway pressure. The relatively lower 
pressure applied dvrinp expiration any in some cases approach or equal 
ancient pressure. The lower pressure applied in the airway during 
aspiration en ha noes patient tolerance by alleviating son a of the 
uncomfortable sensations nornally associated with CPAP „ 

Under prior CPhF therapy , pressures es high as 20 on H20 have been 
reguired, and some pa t ients on nasa l CPhP t hus have hean needlessly 
exposed to unnecessarily high expiratory pressures with aba attendant 
dlsgo^fort. ana elevated moan airway pressors, and theoretic risk of 
barotrauma. Our invention permits independent application of a higher 
inspiratory airway pressure in conjunction with a lower expiratory 
airway pros sera in order to provide a therapy which is bettor 



t-alerated by teh« 23% of the pstisrst population tfftiefe does not toiarate 
CFAP therapy, and which ^ay be safer in the other 75% of the patient 
populatioru 

As has feeeti noted hereinabove, the -switch between higher and lower 
pressure j^agnihodoe can ha controlled by spontaneous patient 
raepiration. end the patient thus Is able, to independently govern 
respiration rate and volu® v As has heen also noted * the invention 
con hoopla tea automatic comperisatieo for system leakage whereby nasal 
mask fit and air flow ays too integrity are of loss consequence too a on 
the prior art. In addition to the oenefit of aohooatio I ear 
compensation, other important banef its of the invention includa lower 
mean airway pressures for the patient and enhanced safety, contort and 
tolerance 

ft is accordingly one object, of the: present inrentloa to provide a 
novel and improved netted for treatment of sleep apnea. 

A further obi act of the invention to provide a nova! and improved 
apparasoo which is operable according to a novel methodology in 
carrying cot sooh a treatment tor sleep apnea > 

hoothar object of the invent i oh is :o provide a method and 
apparatos for treating sloop apnea hp ap.pl. tea hi on. of alternately high 



and low magnitudes of pressyra in the airway of the patient with the 
High and low pressure ssagnitodes feeing im tinted fey spontaneous 
patient respiration,. 

Another object of the invention is to provide an apparatus for 
generating alxernately high and low pressure gas flow to a eoasnaer or 
the gas with the higher and lover pressure flows being Pen trolled by 
comparison of the Instantaneous flow rate to the gas consumer with the 
average flow rate to the ooneoree, which average flow rate may include 
leakage gross the syateo, and whereby the apparatas aatoaat really 
eorpansates for system leakage. 

These and other objects and further advantages of the inversion 
will be mare readily appreciated apon consideration of the follovlag 
detailed description and aoeempanyi ng drawings, in which: 

Fig, 1 is a functional hi act diagram of an apparatas according to 
the instant invention which is operable according to the method of the 
instant Invention? 

Fig, 2 is a functional hiocP di agree showing an alternative 
embodirienf of the inventions 



Figa 3 is a functional block diagras of the Estiaated Leah 



Fig. 4 is a frontal el^atlon ox a control panel for tfee ap P arat 
af this invention? 

Fig. S is a trace of patient tie* rata versus e.xne pertaining to 
another ena>adiasenf of the invention; 

Fig. 6 is a flow diagram relating to the eroodisient of Fig. eg 

Fig. 7 is a trees of patient flow rate versus tine illustrating 
another aoroainien't of the invention; 

Fig. a is a sciatic itisstration of a circuit: according to an 
e^hodioent of the ino-entioet 

Fig. 9 is a trace of flew rata versus nine shooing processed ana 
anprocessed flow rata signals; 

Figs, ma ana 10i, are illustrations of the operation of control 
algorithms according to other eo&odieents of the Invention; 

Figs, na and lit are illustrations of the operation of still 
other control algorithm according to other erhooieenta of the 



invention; and 

Flq> 12 illustrates operation of yet another control algorithm 
according to the l^entionv 

mere is generally indicated at 10 in Fig. 1 an apparatus 
according to one presently prefer red enhodipent of the instant 
invention and s^own in the torn: of a functional block diagram, 
Aoparatas 10 is operable according to a novel process which is another 
aspect of the instant invention for delivering breathing gas such as 
<*ir alternately at raXatdveiy higher and loner pressures (i.e., equal 
to or above ambient atnoapharic pressure | to a patient. 12 for 
treatment of the condition known as sleep apnea. 

Apparatus 10 comprises a gas flow generator 14 {'e.g. , a blower 1 
which receives breathing gas fror; any suitable source^ a pressurised 
bottle In or the amlbiaht af^osnhere, for example. The gas flow iron 
f low generator 14 is passed via a delivery conduit 2 b to a breathing 
appliance auch as a mask 22 of any euitabie known, construction which 
is worn by patient I3u The nask 21 nay preferably be a nasal nana er 
a full face mask a 2 as shown. Other breathing appliances which :^ay be 
used In lieu of a nask include nasal oannaiae, an endotracheal tube, 
or any other enitabie appliance for interfacing between a .source of 
breathing gas and a patient, consistent with the doe ires effect to be 



aehiaveci through use ot the apparatus 10.. 



T ho S ask 22 includes a suitable e/hgust part: maaps> schematically 
indicates: at 24, for exhaust of breathing fases during expiration. 
Exhaust port 24 preferably is a continuously open port which imposes a 
sui tarda flow resist. area upon exhaust gas flow to per sit a pressure 
controller located in lire with conduit 20 re tee an flow generator 

.1.4 and mask.. 22, to control the pressure of air f low within conduit 20 
and thus Within the airway of the patient 12- For example, exhaust 
sort 24 say he of sufficient crose-usect fenai flow area to sustain a 
continuous exhaust flou of approximately IS liters pet minute. The 
flow via exhaust port 24 is one oosponent, and typically aha major 
component of the overall system leakage; which is an Isportant 
parameter of system operatisn. In as alternative embodinsnr to be 
disenseed ft«relnselG«, it: has been found that a nor »ncstasaa thing value 
may re surst.i tutad f or the continuously open port 24 . 

The pressure csntr slier 2 2 is operative to control the pressure of 
breathing pas within the consult: 22 and thus within the airway of the 
petient, Pressure controller 20: is locates! preferably, although not 
necsssari3.su downstream of flow generator 14 and my take the form of 
an atijostable valve which provides a flow path which is open to the 
asfjient atmosphere via a restristec opening, the valve being 
adjustable to ■sainfain a constant pressure drop across the opening for 



f g. ;W rates and fchtts a eeexstant pressure within conchat 20. 

Also interposed in line with conduit 20, preferably ssnstraast of 
pressure controller 26, is a suitable flow transducer 23 which 
generates an output signal that in sad as indicated at 29 to a flow 
oignal. oonaitiooing « iron it 00 for derivation of a signal proper vice* L 
to una instantaneous flow rate of breathing gas within conduit 20 to 
the gatiMt, 

It will be appreciated that flow generator 14 is not necessarily a 
positive dxuplacanent device. It nay be, rcr exaopie, a blower which 
creates a pressure head within conduit 20 and provides air flaw only 
to the extent required to naintsio that pressure head, in the presence 
of patient breathing cycles, the ethaust opening 24, and act let of 
oraesure controller 20 as above described, accordingly,, whan the 
patient is exhaling, peak exhalati.cn flow rates Iron the longs nay far 
exC ged the flow capacity of exhaust port 24. As a re rait, exhalation 
gas Cashflows within conduit 10 through flow transducer 2 8 and reward 
pressure controller 20, and the instantaneous flow rate signal iron 
transducer 20 abas will vary widely within a range free relatively 
large positive C i .* otoward the patient 0 flow so relatively large 
negative (I.e. f son the pa flans) flow. 



00'se ins tans taasoas flew rate signal froo flow signal conditioning 



circuitry 30 is fed as indicate, at 3.2 to a decision nodal* 34, a 
known Qcspsrstcr circuit for exsnnle, and is additionally fed as 
indicated at 36 to a low pass filter 38. Low pass filter 38 has a 
cut-off frequency low enough to remove t*m the instantaneous flow 
rate input: signal most variations in the signal which are doe to 
normal breaching. Low pass filter IS also has a long enough sine 
constant to ensure that spur ions signals, aberrant flow patterns and 
peat iosCastaneous flow rate values will not dramatically affect 
system average flow. That is, the tine constant of low pass filter 3 8 
is selected, to be long enough that it responds slowly to the 
instantaneous flow rate signal inputs accord Italy, most instantaneous 
flow rate input signals which could have a large impact on system 
average flow in the chert tore have a much snail er impact over a 
longer tars, largely because such instantaneous flow race signal 
components v.Ul tend to cacoel over the longer tsrs. For eaatple, 
peak instantaneous flow rate values will tend to be alternating 
relatively large positive and negative flow values corresponding to 
peak inhalation and exhalation flow achieved by the patient curing 
nornal spontaneous breathing. fhe output of low pass filter 3S thus 
is a signal which is proportional to the average f low in the system, 
and this is typically a positive flow which corresponds to average 
syetem iesloage pincludihg flow f roc exhaact 24} sines, as noted, 
inhalation and exhalation flow cancel for ail practical purposes. 



The average flow signal output iron the lew pass filter 38 is fed 
as indicated at 40 to decision circuitry 34 where the inshsntanecos 
flaw rate signal, is continnaily compared to the system avetags flow 
$i.i%m\« fee output of the decision circuitry 34 is fed as a drive 
signal indicated at 42 to control the pressure controller 26, The 
pressure pagnitnde of for sathing gas within conduit 20 thud is 
coord loaded with the spontaneous breathing effort of the patient 12, 
as follows, 

When the patient begins to inhale, the instantaneous flaw rota 
signal goes to a positive value obsvc the positive average ficw signal 
value, Detection of this increase id decision circuitry 3 4 is sensed 
as the start of patient inhalation. The output signal free decision 
circuitry 3 4 is fed to pressure controller 26 which, in response, 
provides higher pressure gas flow within conduit 20 and thus higher 
pressure within the airway of the patient 13* This is the higher 
magnitude pressure value of our fci™leval CFAP systeo and is referred 
to heraiofoelow as IPdP C inhalation gosicive airway pressore}> Oering 
inhaiatlon, the flow rate within cocOais 20 will increase to .® aaxiooo 
and than decrease as inhalation cones to en end. 

At the start of exhalation, air flow into the patient's lungs is 
nil and as a result the insdanraoeoun floo rate signal will foe less 
than the average flow rate signal which, as noted is a relatively 



i 



constant positive flow value, fh« decision eirouitry 34 senses this 
condition as the start of exhalation and provides a drive Mgnal to 
pressure controller 26 which, in response, provides gas flow within 
conduit 20 at a lower pressure which is the lower cegnltade pressure 
valve of the bd~ level CM? system, referred to hareinhelow as hPnP 
{exhalation positive airway pressure)- As has been noted hereioabove 
the range of EPAP pressures may include aabiant atmospheric pressure, 
When the patient again begins spontaneous inhalation, the 
instantaneous flow rata signal again increases over the average flow 
rate signal*, and the decision circuitry once again feeds a drive 
signal to pressure controller 26 to rei net i tote the IPar press aha, 

System operation as ahova specified reguiras at T^ast periodic 
comparison of the input signals 32 and 4 0 by decision circuitry 34 . 
Where this or other ape rations are described herein, as continaal; the 
scope of meaning to be a sari bad includes both continuous (i.e. 
anintarrapted) sad periodic (i.e. at discrete intervalst. 

As has been noted, the system ID has a hoilt-in controlled I seiners 
via exhaust porn a 4 thvs assuring that the average flow signal 
normally will ha at least a seal 1 positive flow, al though in sons 
circumstances such as when oxygen is added to the gas flow, vne 
average flow nay be a negative valve. Daring inhalation, the flow 
sensed by the flow transoocer will be the sua of exhavsa floe via port 



24 and all other aysten leakage do^nstrea^ of transducer 2S, and 
iBha-laibioh: flow within fclm airway of the patient 12, Accordingly^ 
during inhalation the instantaneous flow rate signal as conditioned by 
conditioning nodule 30, will reliably and consistently reflect 
inhalation flow exceeding the average flow rate signal. During 
exhalation, tbe flow within conduit: 30 reverses as exhalation flow 
from the lungs of the patient far exceeds the flow capacity of exhaust 
port 24, Accord ingly, exhalation air iacK flows within conduit 20 past 
transducer 23 and toward pressure controller 26. Since treasure 
controller 26 is operable to naiucain set pressure, it. will act in 
reepanee to flow coning fron both the patient and the flow generator 
to open an out lea pert set f icxentlv to aooo;unodate the additional flaw 
and thereby maintain the specified sat pressure aa determined by 
action, of decision el rural try 34. 

In both the inhalation and exhalation cycle phases, the pressure 
of the gas within conduit 10 everts a pressute within the airway of 
the patient to maintain an open airway and f hereby all aviate airway 
constriction s 

in practice, it ssay be desirable to provide a slight offset in the 
switching level: within decision circuitry :n uifh respect to the 
average f low rate signal ; > so thee the systoe docs not prenaturely 
switch fron the low pressure exhalation, nods to the higher pressure 



inhalation soda. $hat is, a switcru^ setpoint offset in the positive 
direction fro» system harass flow may be providad sach that the 
spates will not switch to the I PAP snode antii the patient actually 
smarts a significant spoatanaeue inapiratary effort of a tainimio 
predetermined magnitoda, Thin will ensora that the initiation of 
inhalation la completely spostaseoiss pah not forced by an artificial 
increase in airway pressure. A rioddar awitahing setpoint offset cay 
ha provided when in the IPM> rods to annum the transition to the 
lower pressure EPhP cede will occur oaf ore the flow rata of air la to 
the longs of she patient reaches sera (i.e> the switch to EPAP occurs 
slightly before ehe patient eaaaas inhalation* } This will ensare that 
tha patient will eeeonnear ae undue initial resistance to spontaneous 
exhalation - 

Froo tha above descript ion t it will he seen that a novel seehoa of 
tree tine a leap apnea is prsposea accordi na to which the airway 
pressure of tha patieat is rutinhainea at a higher positive pressure 
anring inspiration and a. relatively lower pressors coring aspiration , 
all withoot later fereace with the spontaneces breathing cf the 
patient. The described apparatus la operable to preside such 
treatment far sleep apnea patients by ptoaidiag a f low of aareathlaa; 
can to the patient at pasifive pressure, and varying: the pressors of 
she air flow to provide alternately high and low pressure within tha 
airway of the patient coordinated with the patient's spontaneous 



inhalation and exhalation. The described system can also be ossd with 
grassure support systems such as the proportional airway pressure 
system described in 0114 * Patent 5,107,830 of youses, the entire 
disclosure ef which is hereby incorporated herein and mda a part 
hereof" by reference, 

To provide pressure control., ths flow rata of breathing gas to the 
patient is detected and processed to continually provide a signal 
which is proportional to the instantaneous breathing gas flow rata in 
tha systa, ^ha instantaneous flow rate signal la fort bar processed 
to eliminate variations attrihotable to normal patient respiration and 
other causes thus generating a signal which is proportional to she 
average or steady stats ayscsn gas flow. The average flow signal is 
contirmally compared with the instantaneous flaw signal as a oaaoa to 
detect the state or tha patieacts spontaneous breathing versos average 
systen flow. When instantaneous flow esoeehs the average flow, tbe 
par i ant is inh ali ng , ana in response the pressure of gas f lowi ng to 
the pari end is set at a selected positive pressure, to pro vide a 
corresponding positive pressure within the airway at the patient. 
When cs^par i son of the instanhanesas flow rate signal with the average 
flow signal indicates the patient is svhaling, as for erasple whan the 
instantaneous flow signal indicates flow ago at to or lass than the 
average flow, the pressure of breathing gas to the patient is adjusted 
ro a selected lower pressure to provide a corresponding lower pressure 



«mU airway of the patient, 



In 



m al ternative embodiment of the invention as sho« in Figs - 2 
V the low pass filter 38 is replaced by an estimated leak 
connnter which Eludes a low osss f liter as «U as other functional 
elements as shown in Fig. 3. $m ranainder of the systao as shown ,« 
Fvg* 2 is similar in «st respects t.o the system she** in Fig. i„ 
^ccordinoXv, like eleoents are identified oy like neeloers,; and che 
aecoriptien hereinabove of Fig, i e^odi.ent also applies generally to 



By using the operative capability of the estimated leak counter 
5Qi as described hsreird,eioo i, it is possible to adjust the reference 
signal which is fed to decision circuitry la on a breach by breath 
M sis rather than merely relying on long tern average sysbee flow. To 
disc inguish this new reference signal free average syateo flow it will 
be referred to berainbeicw as the estimated leek flow rate signal or 
jest the estimated leak signal, 

m , &S noted hereinabove, the average systeo flow rate reference 
signal changes very slowly due to the long tine sons taut of the low 
pass filter :bb This operative feature was iaf enctoeally incorporated 
to avoid gletnrbance of the reference signal by eberraat instantaneous 
flow rate signal ingots even as erratic breathing patterns. table if 



was possible to miaiitd^a the Impact of such aberrations on the average 
flow rata reference signal, the average flo*? signal did nevertheless 
change, ai though by small increments and only very slowly In response 
to disturbances.. Due to the long time constant of the Taw pass 
filter, ouch changes in the reference signal even, if transitory could 
last for a long time >• 

Additionally, even a sos i 1 change in the reference signal could 
produce a very signif leant effect on system triggering. For example, 
since the objective is to trigger the system to the IPAr mode when 
inhalation flow jost begins tc go positive, small changes in the 
reference signal could result in relatively large changes in the 
breathing effort needed to trigger the system to the imp ocbe , In 
seme instances the change in reference signal could be so great that 
with normal breathing effort the patient would be unable to trigger 
the system. Far example, if the system were turned on before 
placement of the eask en the face of the patient, the initial free 
flow of air from the unattached mask could result in a very large 
^agnitcce positive value for initial average system flow. If each 
value were to exceed the oarieuo inspiratory f ioo rate achieved in 
spontaneous respiration by the patient, the system woald never trigger 
tet^een the XhtP and BPhP nodes because the decision circtltry wools 
never see an instant an eons flew rate signal greater than the average 
flow rate signal, at least not until a sufficient number of normal 



breathing cycles after application of the -ask to the ^a:t,lent to bring 
tiie reference signal down to a vaLuse more closely commensurate with 
the actual systte leak in operation, &s has been noted, with the low 
pass filter this could take a rather long time , during which : .tima the 
patient would, be breathing spontanaoasl y against a uniform positive 
pressure, This would not be at all in keeping wit a the pre a eat 
Invent ion , 

In add Ittoa to the embodiment based on a reference signal derived 
free estimated leak flow rate on a breath by breath basis which is 
oGHtrollea totally by spontaneous patient breathing, two further codas 
of operation also are envisionsdi one being spontaneous/^ load 
operation ia which the system automatically triggers to the XJF&P aiode 
for jest long enough to initiate patient inspiration if the system 
aces not sense inspiratory off art within a selected time after 
exhalation begins, To accomplish this, a timer is provided which is 
reset at the beginning of each patient inspiration whether the 
inspiratory cycle was triggered spontaneously or by the timer itself. 
Thus , only the start of lasptratioa is Initiated by the timer > The 
r as a of the oper ating ovale in this mode i s control led by spent ansoes 
patient breathing and the circuitry of the system to be described. 

a further mode of operation is based purely en rimed operation of 
the system rather than on spontaneous patient breathing effort, hue 



• >N ; : 

with timed cycles in place of spontaneous patient M-®mMm* 

Referring to Fig. i, the sstinafed mste coogetar m loci udes the 
low pass filter as well as other circuits which are operative to 

mke corrections to the estimated leak ilo*t rate signal based on 
on-going analysis of each patient breatha A farther circuit is 
provided which is operative to adjust the essinatsd leak flow rate 
signal gaickly after major changes in spates flow such as when the 
blower has boon running; prior no the time: when the mash la first, pot 
on the patient, or after a ssajor leak, in the system has either started 
or has teem shah off. 

The low pass filter 38* also includes a data storage capability 
whose function will he descrihea hereiobalow. 

The low pass filter PS' operates subs tart iaily as described above 
with reference to Pig.. 1 in that it provides a long term average of 
system, flow which is conmeaacrate with steady state system leakage 
including the plow capacity of the eahanat port 24 * This long term 
average is operative la the Pig. 3 embodiment to ad jest the estimated 
leap flow rate reference signal snip when system flow conditions are 
changing very slowly. 

To provide breath by breath analysis and adjustment of the 



reference signal, a d-lf £ erential amplifier S3 receives tfea 
instantaneous flow rata signal as indicated at 54- s and the estimated 
leak signal output from low pass filter 38' as indicated at 56, 

The output of aiffsraatiel arpl ifiar 52 is the 
differenoa between ianstantansons flow rate and estismtet! leak flow 
rats,, or is other words est! na tad tnstantaneoas patient flow rate. 
This will be clear Upon considering that instantaneous flow la ate sua 
of patient flow plus? actual systas Xeshage, The estimated oa&iast 
flew signal output from differential anal ifiar Sf is provided as 
indicated at 58 to a flow integrator SO which integrates astiasated 
patient f loo breath breath beginning and ending oith the trigger to 
IPAP, hecordiuglvg an additional input to fdaa flow integrator SQ is 
the IPAP/CPAF state signal as indicated at 62, The lPhP/EX>AP state 
signal is the sane as the drive signal provided to pressure controller 
26? that is, it is a signal indicative of the pressure state, as 
betoeen IPhP and EFhlh of the system The stats signal thus ear be 
used to mark the beginning and and of each breath for purposes of 
breath by breath integration by iategratar tin 

If the estimated leak flea? rate signal froe loo pass filter m« is 
egasi to the true spates leak flow rata, and if the patient's inhaled 
and exhaled vol aces are identical fot a given breath { i , e , total 
positive patient flee agaals total negative patient flos for a given 



breath), then the integral calculated by integrator hO will, fee zero 
and no adjustment of estimated leak, flow rate will result , Hhen the 
integral calculated by integrator S.O is non~aeroy the integral value 
in the form of an output signal from in teg rater 60 is provided as 
indicated at 64 to a cample and held nodule £d. Of course, even wi oh 
a ^ero value integral , an output signal may be provided to module 6 6 , 
bus the ultimate result will be no adjustment of the estimated leak. 
flow rate signals 

a roe- aero integral value provided to module 66 is further 
provided to module 3B ' as indicated at 6B with each patient breath by 
opera tire action of the IPAF/lm^ state aignal upon rode la 6 6 as 
indicated at 70 x -the at feet of a non-ssero integral value provided so 
module 38* is an adidstmaht of the estimated leak flow rate signal 
promortieeal to the lot ogre 1 value and in the airedtion vhidh weald 
reduce the integral value towards aero or .; the next breath if all other 
conditions remain the same. 

With, this .system, if the patient's net hreathing cycle volume is 
aero, and if the systee leak flow rate ohsngss , the integrator circuit 
will compensate a or - the change in leak flow rate by incremental 
adjustments to the estimated leak flow rate oithin several patient 
tr eat he * 



The integrator ciroMt 60 also will adjust the estimated leak flow 
rat$ signal, in response to noiv-^ero nst volume in a patient breathing 
cycle, it in not xinusual for a- patient's wreathing Volume to be 
non-Earo , For example j a oat lent oay inhale slightly svore on each 
breath than ho exhales o?er several breathing cycles, and then follow 
with a deeper or fuller exhalation. In this cane, the integrator 
circuit would adjust the estimated leak, flow rate signal as if the 
actual sysoee leak rate had changed; however, since the reference 
signal correction is only about one tenth as large an would he 
required to make the total correction in one Breath, the reference 
signal will not change appreciably over just one or two breaths . 
Thus, the integrate^r circuit aceomnodates both changes in syster 
leakage and nornal variations in patient breathing patterns > 

An end exhalation module .74 is opera tive to calculate another bar a 

coupons nt for use in estimating the eye ten leak flow rate as follows, 

The nodule 74 monitors the slope of the instantaneous flow rate wave 

fore. When the slope value is near aero during exhalation (as 

Indicated by the state signal input 76) the indication is that the 

flow rate is not changing > It the slope of the instantaneous floe 

rata signal wave form remains small after more than one second into 

the respiratory phase v the indication is that or ha! at ion has ended and 

that the net flow rate at this point thus is the leak flew rate. 

however, if estimated patient flow rate is noo-rero at the same time. 

I 



one component of tha instantaneous f low rate signs! mnad; fee imtient 
flow, 

Wben tnase conditions are t , the circuit adjusts the estimated 
leak f low rate slowly in a direction to leove estimated ptient flow 
rata toward sera to conform to instantanaoaB patient flow coed tta ana 
expected at the end of exhalation. The ad lest meat to estimated leak: 
flow rate: is provided as an output from models ?4 to low pass filter 
38' as, indicated at SO, When this control maoheaisn tares effect , it 
disables the breath by breath eel. erne correction capability of 
Integrator circuit 60 for that breath onryt 

The oat put of modulo t4 Is a tine constant control, signal -which is 
provided to low pass £ liter 3 8 ^ to bemporariiy shorten the tine 
constant thereof for a sufficient period to allow the estimated deek 
flow rate to approach the iastantaneoas flow rata signal at that 
specific instant. It will be noted tnat shortening the low pass 
rilcer time eonsaanc Increases the rapidity with which the loo pass 
filter output (a system average) can adjust toward the las tant^neoes 
flow rate signal input. 



Another coupon eat of estimated leak flow rate control is a gross 
error detector 82 which acts when the estimated patient flow rate, 
provided thereto as indicated at; 84, is away from aero tor mora then 



abouc s seconds. Such a condition stay normally occur, for example, 
when the flow generator 14 Is running before tms* 22 is applied to the 
oatlent. This part of the control sfsteis is operative to stabilise 
operation quickly after major changes in the leak rate occur. 

rri accordance with the above description: , it oil! he seen that loo 
pass filter 3S* acts on the ins tanfaneous flow rate signal to provide 
an output corresponding to average system £loog which is oyster 
leakage since patient inspirarion and expiration over tine constitutes 
a net positive flow of 2ero. kith other enbancenents , as described, 
the system average flow can be viesed as an estimate of leakage flow 
rate , 

The differential aoplifier S3 processes the instantaneous flow 
rate signal and the estimated leak flow rate signal tc provide as 
ertinatec patient flow rate signal which is integrated and noo-aero 
values of the Integral are fed back to nodule 38* to adjust the 
estinated leak fioo rate signal on a breath by treats basis. The 
. integrator 60 is reset by the 1 Pa P /lacks state signal via connection 



€2 « 



; 

Two circuits are provided which con override the integrator 
'circuit, including end exhalation detector 74 which provides an output 
to adjust the tine const ant of low pass filter W* ana which also is 



provided as indicated at 6 6 to reset integrator 60. Gross error 
detector 82 is also provided to process estimated patient flow rare 
and to provide as adjustment to estimated leak flew rate under 
conditions as specified. The output of module 6 2 also is utilised as 
an integrator reset signal as indicated at 66. It will be noted that 
she integrator 60 is reset with each breath of the patient if, during 
that breath, it is ultioatelv overridden by nodule 74 or 62. 
Accordingly , the multiple reset capabilities tor in rear a tor ad as 
described are required. 

f n operation, the system may be utilised in a spontaneous 
triggering mode, a spontaneous/ timed mode or a purely timed mode of 
operation. In spontaneous operation, decision circuitry 34 
continuously compares the instantaneous flow rate with estimated leek 
floe rate. If she system Is in the EFAP state or mode, it remains 
there until instantaneous floe rate exceeds sst leased leak view rate 
■by approximately 4 0 cc per second. When this transition occurs, 
.decision circuitry 2 4 triggers the system into the IPhh mode for 150 
-milliseconde. The system mill, then normally remain in the I PAP mode 
as the instantaneous flow rate to the patient will continue to 
.increase during inhalation due to epontaneeus patient effort and the 
assistance of the Increased IPAP pressure. 



After the transition to the IPAP mode in each breath, a temporary 



offset Is added to the estimated leak flew rate reference signal. The 
offset, is proportional to the Integral of estiosted patient flow rate 
beginning at Initiation of the inspiratory breath so that It gradual iv 
increases with tine daring Inspiration at a rata proportional to the 
patleards inspiratory flow rate, Accordingly , the flow rote level 
above estimated leak flow needed to keep the aye ten in the IFAP node 
during Inhalation decreases with tire fross the beginning of inhalation 
end in proportion to the inspiratory: flow rate, pith thin 
enhancement, the longer an inhalation eycle continues, the larger is 
the reference signal below which instantaneous flow would have to 
decrease in order to trigger the EPAa node, for exanple, if a patient; 
in tries at a constant oQQ eo per second until near the end of 
inspiration, a transition to BPAP will occur when his flow rate drops 
to about if! oc per second after one second,, or 333 en per second 
after two seconds, or 500 oc par second afcsr three seconds, end so 
forth, for a patient inhaling at a constant 310 oc. per seoond, the 
triggers would occur at S3, 167 and 310 co per second at one, too and 
three; seconds into IFhP, respectively ~ 

In this way , the fSttP trigger threat old eoeea up to need the 
inspiratory flow rata with the following benefits* First, it beeonas 
easier end easier to end the inspiration cycle with increasing tine 
into the cycle. Seoond, if a. leak develops which causes an increase 

> 

in In^tantanao^ flat* sufficient to trl^g^r the syst«^ into the XPAP 

I 



tMs apt,, will. anto.aticariY triage. fa*** to 4* EPAP 
after about 3.0 seconds regardless of patient broathiog effort. This 
would allow the vofome~oased leal, correction circuit (i.*. integrator 
001 to act as it is actiaafed wifch each transition to the IPaF node. 
Thu8 , if a lea:, deeelope suddenly, there- will be a te« toward 
, u , oss tic triggering rather than spontaneous operation, tor a few 
^ath,, tar the circuit wiU not re locked onto the XPAF code . 

Upon switching bash to the KPhP nods, the rrigeer threshold oil! 
r«in atooe the astioatsd lead f loo rata for approaioate lv ,00 
billiseconds to allow the to remain, stable in the S PAP node 

.vthoot switching again while the respective flaw rates are changing. 
After 500 .nillisaaonda, she trigger thresnelO offset is eeoor en .era 
to a« 5 it: the aexo inspiratory effort. 

The noraal staOe for the circuit is for it to remain in she EPAP 
; mm until an inspiratory effort is muds by rhe patient. The 

anrooatio corrections and aoDostoents to the reference canal are 
: eff ectiae to heap too aystos iroo looking an in the IPAP mode and oa 
, Prevent auto-triggering while at the same tine prooiding a high level 
a; ad sennit ivity to inspiratory »f fort and rapid arljastoent for changing 
lead conditions and Pro a thing patterns < 

in the spantaoaoos/tiraa node of operate no ; the system perforas 



„«tlV as desct^a with s^nm^ m 

.W. that it allows selection of a Itet^ breathing rata to be 

.„«ri-o6.- «- spontaneous operating M too patient ,000 

K ste 00 inspiratory effort ««.hir. a prcdetarsioed ti»., the 
will axriamat^KSally tri^ ^ — 

o^eesea pressure tor this 200 „l,.«««o 8 * will initio 

'..orient i B . P ir.«oh and provide sufficient tire that spontaneous 
patient «sw will «>c reference signal so that the rest oi «*. 

„v continue in too spontaneous H*. a, above described. The 
Oaeatbs per minute M„« i. reset ty each tricar to IPtP vhehter too 
tradition « S triggered By toe patient or by toe riser itself. 

Ts the tired operating rode , «J triggering betoean I BAP one PPgP 
, t , ci o S is controlled by a riser with a breaths par reroute control being 
: seat to select a desired treatning rate iron, for eranpie, 3 to M 

oroethn rer nirute. If feasible, the selected breatbrng rate xs 
• eeordinated to the patient's spontaneous breathers rate. Toe percent 
«*» centre! is used to set the fraction of east breathing cycle to be 
osest in the Bf erode. For exosple, if the breaths per ninuta 
ssntrsl is set ts XP breathe per cinute (6 eooends p« breetd) end the 
\ nercant IPAP control is set to 33%, then the flow generates wili 
'"' spend, in each breathing sysXs, bso seconds in KftP and four seconds 
■ 'in EPAP, 



Fig. 4 iirtustrattes a control panel for controlling fcft& systen 
above desaribM and including a rarer ion selector switch wkicfc 
includes function settings f or fcftfe three operating mpdes ot 
spontaneous, spontaneous/ti^aci, and timet! as above dsscrifeod. The 
controls for spontaneous mode operation include IPAP and EPAF pressure 
adjustment controls 9 0 and 92., respective! ,v . These are used for 
setting the respective IMP and EFAF pressure levels* In the 
spontaneous/ timed node of operation , controls 90 and 9 2 are utilised 
as before to set I PAP and EPAP prasevre levels, and nreaths per Tci.inotc 
control 94 additionally is used to set the niininun desired breathing 
rate in Breaths per minutes In the timed node of operation, controls 
90, 3% and 94 are effective, and in addition the percent XPAF cont.ro 1 
9 6 is used to sot the tine percentage of cash breath to he spent in 
this IPAP mode. 

Lighted indicators such as htDts 96, 98 and 1.00 are also provided 
to indicate whether the system is in the JPAP or EPAP state, and to 
indicate ohether in the spentaneous/tined nods of operation the 
instantaneous stats of the systen is spontaneous operation or timed 
operation. 

An. alternative embodiment of the invention contemplates detect ice 
; tbe beginning of inspire ties and expiration by reference to a patient 
dice rate oave fore such as shown in Pig > Comparison of 



instantaneous flow rote with aver a no flov rate as set forth 
hereinabove provides a satisfactory netted for detersisifig whether a 
patient is inhaling or exhaling; however, other means for evaluating 
inistantanaoas f low rate can else he usee - t and these may he used alone 
or in soBbination with average flow rate. 

For eranpied Fig, 5 shews a typical patient flow rate wave f era 
oith inspiration or inha3.atI.on flow shown as positive flow above base 
lire B and exhalation flow shown as negative flow below hare line '&■< 
The flow rate wave form: nay thus be sanpied at discrete tine 
intervals. The current sample is compared with that taken at ah 
earlier time. This approach appears to offer the benefit of higher 
sensitivity to patient hreafhing effort in that it exhibits less 
sensitivity to errors in the estimated ays ten leakage, as discusssa 
hereinabove- , 

.hornaily, the eat tea tea iesplraoory and expiratory flow rate save 
torns will change slowly during the period beginning after a tew 
hundred billiseconds into the respective inspiratory and expiratory 
•phases, up until the respective phase is about to end, Sanples of 
■the flow rate wave form era taken periodically, and the current sample 
is compared: repeatedly with a previous sample. Daring inspiration, if 
the magnitude of the correal- sample is less than sow appropriate 

> 

fraction of the comparison sample, then the i nsp-rat ion phase is 



be uaaa exM^tip, to p«i« » caraUrxoa f „r t,, 

chancjeovsr to inhalation pressors. 

6 illustrate a «*w <tt*9x» fo» . aritabla alaoaitha, atowina 
^aated „»plin« at tha patient Ho- rata «ava for. at W « Intervals 
^, 8S at 110, an, r^aaac aaapaalaan of «,a flow at caarant 

=: „ v , ; ,«t>i a the € low at time t.~4 as 
,. = :-a, t wltn a prior sailing, *o« ~- ' 

bleated at 11,- Of co-, aha ;ino-^ ^ «e,:slre 

is e».Ll eno^ that **• ******** ^ *** ^ 

i„ *>>* t*ax**> e-or „*pU«« **** ~ ^ ifaM * ^ U *'* 

: .... ^v^wtsV^ ... ss aheirn in Fig. S the 

tne flow »xe wave: loi;;-., *•.*>«. -•>• < 

, - v *,,,.„... * as-rue value taker; tour 

«,^ien a tion S for flow sassxes at a,,^ ,. , , = . .. 

^r lm event- ***** ^ ^ ^ sM ^ **** 

< 1 toserahe one suitable proportionate rel.et.onot tp lit are 

rto tine cMrat.on of a patient breatlr This is, however, onlr a, 
.nu^tion. in fact, al,ctronir teehnoiogi runt as disclosed 
nnreieatore voaXo he capahle of perfor,i.no fhi, aloorithn using ouot 

Issuer lit intervals, provided other P«t,rs of the algorirho, 
such as the idaetitv of the ce.pariaon saaple and/or the proportion 

: relaoionship let-eep the ooopareh sanplea, are admsted aeeoroinolvr, 

Continuing through the r.lov chart of Fig. 6, it the patient's 



state of M-eat&ins is inspiration MW, the current flow sample value 
is compared with the sample value observed t-4 saopiAng evests prior. 
If the current, flow sample value is less than .. for example, 75% of the 
comparison flow value (116) , the system triggers a change in state to 
the exhalation phase .(118). If the current flow ssnple value is not 
less than ?§'% of the comparison valoe (120), no change in breathing 
state is triggered , 

If the breathing state is not inspiration, and the current flow 
sanple value to less than •??% of the seieotea nonpar (son valve (122), 
then an expi ration phase,, rather than an inspiration phase, is 
cooplared and the system is triggered to change the state of hreathing 
to inspiration (124) . if the specified floe condition is not met, 
again no change in breathing phase is triggered .(126.) . 

The routine character iced by Fig » 1 repeats oonti noons ly as 
beaics too at 122, each tine coopering e current flow .sample with the 
fcurth (or other suitable) prior sample to hetsreine whether the 
systec should trigger free one breathing phase to the other. 

Of course, it will be understood that the erbod front set forth 
above with reference to Figs, h and 6 does net trigger cbanges in 
breathing per se within the context of the invention aa set forth in 
the balance of the above specification* Rather, in that context the 



ri«. s ma * «»am>mt m—V ^«=« ««9« ******* am 
^i*.tio» tr, epontaoeoes patient M»*M«*. ana triggers t«e *y*U» 
to s « P p iy We specified M*ar or lover rt«.y pressure as set forth 
hereinabove .. 

fOT n problems rasul.ti.ng fro. i^uff ieient ventilator triggering 
sensitivity include f ailure, of the ventiiato. to trigger to XPAF upon 
^ertion of inspiratory effort * the patient, and failure of the 
dilator in 1PAP to trigger off or to EPM? at tte end of patient 
inspiratory effort. Patient respiratorv effort relates primarily to 
the inspiratory portien of the respiration cycle because in general 
only the inspiratory part of the cycle involves: active extort. Tte 
ex?ira « portion of tte respiration cycle generally is passive. h 
£urr ger characteristic of the respir.rery cycle is that eeeirstory 
rio. rate generally nay reach aero and ressir at aero eooenrartly 
before the neat inspiratory phase begins. Therefore the normal stebl, 
state for a patent- triggered ventilator ahoale he the expiratory 
state, which is referred to herein as E EO\ P > 

i. Although the apparatus as above described provides sensitive 

; triggering hatoeen the 1PAP end EPhP itodafi, triggering can be still 
' fur ther ieprovech Tire prioary objectives of inprevenentn in 
• rriggering sensitivity generally are to decrease the tendency of a 
E « sts to trigger aotoaa t i eel 1 y free PPAP to I Fa? in the absence of 



Inspiratory effort fey the patient, and to increase system sensitivity 
to the end of pet lent inspiratory effort, 3ft*ae ere net cent reel o tory 
objectives. Decreasing euto- trieeer sensitivity noes not necessarily 
also decrease triggering sensitivity to patient, effort. 

Generally, for a patient whose ventilatory drive is functioning 
normally, the ideal ventilator triggering sensitivity is represented 
bv close synctreni cation between changes of state in the patient's 
resniration (between inspiration and expiration) , and the 
corresponding changes of state by the ventilator. Many conventional 
pressure support ventilators which trigger on the basis of specif red 
flow or pressure thresholds can approach such close synchronisation 
only under limited conditions. 

In the syster described hereinabove, where triggering is based on 
specified levels ox est ins tec patient flow rate, close synchronl aation 
between system state changes end patient respiration state changes can 
be readily achieved. This is especially true for patients having no 
severe expiratory flow lie! eat ion as the flow rate reversals for such 
•patients typically may correspond quite closely with changes in the 
: patient respiratory effort; however, flow rate reversals ray not 
' necessarily correspond precisely to changes in patient respiratory 
t effort for all patients. for ewa^ple, those patients experiencing 
'respiratory distress or those feeing ventilated with pressure support 



venti lation not „ft)tfit tfe. a,sira« close cor.espondanae 

patient effort and breathing gas sogply flow rare reversals. 

In addressing .*» synehroni.ed trigger inn based on 

flew rare, at least tferea d r^pir^ory eyeles are considered 

me tXX*t is the patient respiratory aye- as indicated hf *at*«r* 

, , , , ^ .„...,....,. „ffnrt, it rest include iospiratorv 

effort. If the pataene e-r 

effort.- Patient expiration nay be active or passive, 

The second eycie in the ventilator respiratory cycle, that leg tp. 
cvoie delivered by the ventilator. Thin cycle also has an inspiraoot 
,vL,se and an expirafery phase, tot the ventilator .ay or nay net b* 
syachroeieed with the oorreapendlne peases of the patient res P dratarv 
cycle v 

The third cycle is the flow reepiratery cycle, as Indicated by *> 
direction of flew to or the patients airway , Flow, passea free 

the ventilator into the psrient on inspiration and not of the easier 
1 on expiration. If one loots at this cycle only, the 

' lnspi.ratorygewpirat.ery ehangee ooeld be Identified hy the cere f lee 
crossings between positive and negative £lov< 

: ideally , if the patient ts hreathlne drive is competent, the f low 

: respiratory cycle shea Id he synctroniaed with the patient respirator 



s ^ stor. One important objective 

cv--e . wttch the assistance ox. vw*^~- 

J* «« Ascribed *». is to «^tn «* v^tii^o, 

«"i*h patiehf ioapiraccry e«or t . «iW ««• ^assure 

t . . . s; ,.,— *• h, ; flow, in addition to t&e 

i- <:„v-v- >wv-: S ; I** another r so son 
effect, on o£ the patient's own " 

.. _ „rti» tja oond indicators at 

why zero flow crossings »« «»<• "~ ' * 

changes in patient effort, 

AS describe, no* triegarlgg provides certain adeancages rat 
.Vnil.M. »ir.h aoa, e other nodee ot rercilaror tearing. For 
»^V». in vent a latere which ere prepare variation fer rriggaring, 

t , te oatiant .rarer an xnsparatorv effort iang volacaa Oegina to 
„„.. M , This v««=« ctange causes a praasare drop, vhach in acre 
oonvantieral closed circuit ventilators is sensed bp the ventilator 
rriggaring agstee to initiate creating gas cieUvarv. with flow 
trieaering there is no need for a pressure crop to occur in the 
hrearning circuit, aire triggering algorltho. ray still, reguir. the 
raeient long vaXame to increase, oat since the pressure in the 
ventilator circuit dees not here to drop the patient expands loos 
energy in the inspiratory effort to achieve a given rolara change. 

Additionally, in an open circuat, that ia one in «hich exhaled 
gaeas are flashed (». the ayeter via a fired leak, it world he 



difiUeult to gegorate the reauirea pressure drop for pressure teased 
triggering upon exerrio^ sf ssmll patient inspiratory effort, »6hat 
is,, watte an opeo ofrauite ttee rsagnitodo of patient effort regn ired to 
generate evssn a very small preasare drop would fc^ aor^sicl^rabl.e . flms, 
it: would be ^^rr^por><ti^Xf q^ite ait .fidu.lt to achieve suff icient 
sensitivity .In a pressure based triggering *ir***» to provide reUahia 
triggering if used lr$ conjunction ^ith an op^i circuit, in general, 
fch«- open circuit is simpler than one with a oeparata exhaust valve and 
exhsiimt tubing and therefore &xmpl&r. to use ana less costly, sod tor 
these and other raaserc ^ay often be preferred over a closed circuit. 

In a prasactiy preferred triggering schaoe for the ahovo 
descrihed flow rata triegering system, the flow rata signal muse 
exceed a threshold valua eguivaieoh to 4 0 coper second continuous iy 
tor 35 Biiliaaconda in order to trigger the system to IFAFc If t.;ha 
flow rata signal drops below the specified threshold value daring the 
specified time interval, the threshold timer la reset to sero. These 
threshold values permit triggerihg with a minimal patient volume 
change of on If 1* 4 oc. ?: whi ch represents each isprovsd sensitivity over 
some prior pressure triggered ventilators. 

In reality, however, such ablml patient wlr^a change represents 
overly sensitive triggering which ^ouM not he practical in actual 
practice. hoiae in the flow rate cienal weald continually reset the 



threshold timer during intervals when the patient flow rate is very 
close to 40 co per second. Therefore, it Is believed a MniW volume 
change for consistent trigger lag of the described system would be 
about 3 co_ although this too is considered to be a very sensitive 
triggering level. It is noted, however, that pressure: signal noise 
can else occur la prior pressure triggered ventilator so. thus creating 
triggering sensitivity problems. Due to this end ether details of 
their operation the theoretical oasinnm sensitivity of such prior 
ventilators is better than tea sensitivity which can actually be 
achieved in operation. 

As one example of an operating detail whieb can adversely affect 
sensitivity in prior ventilators, if the ventilator response time is 
slew, the resulting time delay between the tine when a triggering tier 
requirement ia satisfied and the time when gas supply pressure 
actually begins to rice will adversely affect sensitivity. . During the 
■time delay, the patient is continuing to mate inspiratory effort ana 
thus will be doing aooh greater actual work than that needed to 
tr eager aba ventilator, and much greater wort than would be done if 
the ventilator responded more quietly. Another example occurs during 
rapid Presiding when, a patient begins to mate an inspiratory effort 
before evhalation flow rate drops to sere, la this case, an 
additional delay occurs until flow reverses and the eahalation valve 
has tiae to close. 



Triggering to BPhe upon e^haiatloH also can :peseit problems < A 
typical prior pressure support ventilator will ferigger off at the end 
of inspiration baaed os* the patient^ a flow decreasing past, a flow 
trvreshola, or on tiding out of a rimer, for eaaoplo. one 
trigger^ro-exbalation flow rhrosMold can be either a fisted valae or a 
fraction of peaK: flow, for example PS% of paab flow, As one example 
of the sort of problem which can affect triggering to exhalation in 
prior rentilatora, a patient with poaerateiy severe CQPD fchronic 
obstructive pulmonary disease) will exhibit comparatively high 
respiratory system resistance and perhaps low respiratory eye ten 
alastauee. This will result in a cooperatively long time constant for 
the patient:, the time constant being the tine taken for exbalation 
flow to decay to 1/4 of peak flow or other suitable selected 
proportion of peak flow. The long ti rue constant for the COPD patient 
peans that flow will drop slowly during inspiration. 

:rhe only way t-kis patient will be able to trigger the ventilator 
ro exhalation will be to increase exhale tore effort. That Is, the 
par lent nas t actively decrease the flow rate by respiratory muscle 
ef fort to trigger to exhalation* Further ? - beoaoee of the patient- s 
large tire constant, there may be considerable exhalation flow Vhen 
the patient^ a .inspiratory cycle begins, and the trigger to I PAP than 
will he delayed, to the detrjnnenf of ventilator seneitivi tan 



; ro achieve greater sensitivity to patient effort in an improved 
embodiment of the invention, the disclosed system >-ey be provided with 
apparatus to continually monitor mult i pi o conditions rather than 
monitoring only a single condition as represented by the above 
description pertinent to element 8:2 , In the inpeoved euhodisent , 
inspiratory ti^e is lifted to no more than sheet 3 seconds under 
norms i conditions, and normal exhal.ation flow rate is required to be 
nearly mere by about 5 seconds after the beginning of exhalation, 

To employ 'ae first of these conditions the system son! tors 
estisatad patient flew rate end requires its value to cross sere- at 
la as h once apprc^iTnateiy every S seconds. To monitor this condition, 
an input is required from the output of a eompar^tor wbie;h compares 
patient flow rate with a sere ^aiue, d-he comparator is a cistahle 
device which provides one output (i,e, true) when patient flow is 
greater than aero, and an alternative output (i.e. false) when patient 
flow is lees than sere. If the eosparator out pet is either true or 
false continuously for longer than about § seconds, a signal is 
generated which triggero the systes: to £S*M>« 

The second concision is the monitoring of the iPAP/EPhP state to 
see if it regains in EP^F for more than about .5 seconds. if it dees, 
the volume will be held at ears until there is another valid trigger 



to <m$>® f^nstlan prevents tha volusa signal from drifting aw; 

from zexo when there is an apnea. After 5 seconds in EPAP volume 
should norsvally be 2«ro« 

Further inprovesients in triggering sensitivity require 
consideration of sors than flow rate levels for determination of 
suitable triggering thresholds > In particaiar, changes in the snap- 
or slope of the patienthe flow rare wave forr can he utilised to 
better synchronise a rent! iat ion system with spontaneous respire tor: 
effort erertad by the patient. Sons such considerations ere dtseas; 
hereinabove with reference to Figs. 5 and S> 

A typical flow rate treeing for a sornai patient experiencing 
r el area breathing is shown in Fig, ?■ > The simplest approach for 
synchros i a ing oervtilator triggering to spontaneous patient respiratj 
has often been to use the sars flow points 12S as the reference for 
triggering Between BPAP and IMPi >>Dwaver, tlris approach dees not 
address the potential problems rlr&h, as noted alpove, f low rata 
reversals may not: .necessarily correspond to changes in patient 
scontanac^s broatning ox f or t f or all. pat ients . Second v the f loo 
signal is not oeoesosrily uniform, concerning this problem in 
particular, awall flow yariationc corresponding to noise in electron 
signals oil! occur doe to random variations in sptei and eiroay 
pressure noosed by flow turbo 1 once or random v^riatioms in the 



pressure control s,st,,. Additional flow rate noise results fro, 
snail oscillations in the breathing gas flow rate doe to changes in 
blond valuta within the patient's chest cavity with each heart bear. 
Third, since pressure support cseronly is an ,,U,-or -nothing nods of 
veneilatiorp and since the respiratory ays tens of all patients will 
eMhibit: an elastunca component, an inappropriate trigger to IPAP wii 
always result in delivery of sere vol sea of breaching gas unless %k* 
patent's airway is completely obstructed. Ihes, reliance on aero 
flow or flow reversals tor triggering will in nany instances result 
loss of synchronisation between a patient inspiratory effort and 
sen til a tor delivery of breathing gas. 

beferring to Fig. 7, there is shown a flow rate versus aire tra< 
tor the respiratory flow of a typical, spontaaeoosly brcatbxng pers< 
Tine advances free left to right on the horisoatal awis and flow ran 
varies about a aero-value base line on the vertical axis. Of coerrse 
in the description below referring to nig. 7 it is to be understood 
than the illustrated flow rate versus tine trace is an analog for ■ 
spontaneous breathing by a patient and for any detectors or sensors 
whether Cased on nechanical, electronic or other apparatus, for 
he toot log patient flow rate as a function of ties. 

it will he noted on reference to Fig, t that relatively sharp 
breaks or slope changes occur in the flow rate trace when patient 



intsrXetion effort begins and ends < Thus, although the slope of the 
flow rats trace nay vary widely $xom pat lent to patient depending on 
the patient resistance and elastanee, for any given pot lent it will 
tend to bo relatively constant during inhalation and exhalation,. Tit 
relarivelv sudden, increase in trow trace slope when an inspiratory 
effort begins, and a corresponding sudden decrease in slope when 
inspiratory effort ends, oan be used to identify IPhP and EPhP trigg ! 
points. - Sires the abrupt changes in flow trace slope St. the be a lard, 
and end of inhalation coreespor-d with the beginning and end of 
inspiratory effort ? the flow trace slope or shape nay .be used so 
trigger tne syseen between Oho IPP.P and EPhP state in reliance on 
changes in patient effort rather than on relatively fired flow 
thru see ids. 

The basic eigorirh.a for operation of this forcher improved 
triggering system is as follows .. The input to one syst.ee is the 
correct flow rate at any point on the flow trace, tor eraople point 
130 in Pig. ? , The flow value is differentiated to get the 
corresponding current slope 132 of the flow function at time Tr Of 
course, the slope corresponds to the instantaneous rate of change of 
flow rate. 

The slope 132 is scaled by a tine factor fit, and is then added t 
rhe current flow value. This gives a prediction of tins flow 134 at a 



futura titne f, ^t, MM on the ^:ent slop. 152 of the flow trace 
M ^|, ae ^nit^ ol tiea Interval is a^erMned by the 

selected scale factor by which slope 132 is scaled. The resulting 
flow prediction 134 assueec, eff,c,,valy ( a onifore rate of change fe 
the flow: throughout the period fit. It will he understood that is 
Fig. 7 the Bsgeitude of time intervals lit Is svsgueratad, and is 
different for -the end of inspiration and beginning of inspiration 
changes, to facilitate clear ill us trainee. In practice, fit nay be 
approrhaarteiy 3 00 eilliseoonds , for ehanple . 

The accuracy of the predicted future flow rate value 114 will 
depend upon the actual , varying slope of one flow trace during fi?*e 
interval fat as compared to the presoood una f one slope 13 2.. To the 
evtent that the flow trace daring interval lit deviates free slope 
I32y the actual flew value lis at tne end of tine interval fit sail 
vary free the predicted flow value 13 4. accordantly , it cay he scan 
that the effectiveness of this aigoritnn depends upon the actual 
deviation in the flew trace free slope 112 during any given his tier 
interval being scald except when the patient cakes a significant 
change in respiratory effort. . 

To further modify the predicted flow 13 4, an offset factor cay be 
added to it to produce as offset predicted value 130, The offset is 
negative during inspiration so that the predicted flow at tine to 



will be held below the actual flow at tr /It except when the f io 
trace chsrsaes in the decreasing flew direct lore such as would occur 
the end of inspiration when patient effort ceases or even raverses, 

The shave description refers to an enchof-insoirstion rrbatger t 
hPAPs In en entirely similar fashlon ; as indicated general 1;/ at 14 
in Fie. ? f a trigger to SAP can be governed by prediction of a fat 
flew rate based on differentiation of an instantaneous flow rate 13 
plus an offset factor to provide a predicted flew rate value 142 .. 
is rioted that in this instance the off net factor will.be a positive 
offset since it is an abruptly increasing flow rate that one would 
wish to detect. In this instance, when actual flow rate increases 
sufficiently coring the fa t interval to exceed predicted value 14 2 
for example as indicated at 14 4, the systen will trigger to XPeoh 
Thee, at any point in the flow cycle when actual flow after a 
predetermined tine interval tit airfare suixroxently Iron the 
predicted, ; of fset flew value based on flew trace slope at tine 1, t. 
systsc is triggered to If As or SPPP depending noon the direction, 
either positive or negative, in obich actus! flow varies freo the 
p red i eta d f low * 



phe flow rate predict ion based an current flew trace slope , and 
the ooavpariscn of the predicted flow rate with actnal flow rate as 
desori body is repeated at a high rate to generate a continuous or 



nearly continuous stream of actual f 1 ow.-to -gored lot ed flow comparisons 
For example, in an analog system the precis is continuous, while in 4 
digital systes the process is repeated every id mill iseconds or 
f5 star. In 'the resulting locus of predicted flow value points, nose 
-oeuaP- to- predicted flow comparisons do not result in triggering 
because actual flow rate does: not deviate sui rrLo nmrc ly from the 
predicted rate. Only at the inspiretory/expiratory changes does this 
scour. The result in a triggering method ohich, because it is based 
on flow predictions, does not require changes in patient inspiratory 
effort to achieve triggering in synchronise with spontaneous patient 
respiration. Of course, tine described ditterentiaticn techniqao of 
flow prediction Is nut one es'eople of a suitable flow wave shape 
triggering algorithm 

A schematic diagram of one analog circuit embodying elements of 
the above-'descrimea improved trigger system is sheen in Fig - am Irvpmo 
signal 146 is estimated patient flow, aitnoaah it may alternatively 
total flow* dse of estimated f ion, in a coord- nee with other aspects 
of the invention as described hereinabove, allows for further improve; 
triggering if the system includes an unknown lean component. The 
input signal 146 is differentiated by inverting differentiator 148, 
The diodes, switches and operational amplifier group indicated 
generally am 150 are incltsdod for practical considerations. They tors 
a smitchable polarity ideal diode that is used to clip the large 



positive derivative of the flew trace at the heginning of inspiratit 
and too large negative derivation at the beginning of expiration. 
Those derioa.tl.voo ore nsoaliy largo, especially ahean ventilator 
prsssurs changee occur, If the largo derivatives are ret clipped, 
they can interfere With Trigger sircoit opsratioa in the early part 
each respiratory phase* 

mas differentiated input signal is scaled by feedback resistor 1 
end iopet capacitor 154 > These have a tire constant cecal to 3 00 
milliseconds which is a preferred delay aloe for the delay portion c 
toe circuit. The series input resistor ISO limits high fregaeney 
noise wflicfj is outside the; range of breathing f regaercies of intones 
The differentiated ingot signal is. subtracted fror, ate flow signal i 
a differ esse amplifier 172 sites the derivative car cert output is 
inverted end a sum is needed. 

The reenisite delay is produced using toe fifth order, softened 
capacitor: Bess el lew case filters ISs, The Sessel filter has a iine< 
phase shift with tregueney which has the effect of providing a tiro 
delay. Since the tine delay depends on the order of the filter as 
cell as the frequency response, two filter sections are needed to 
provide a high enough cutoff trcgaency with the 3 00 eiiliseaeed tine 
delay. The 3 00 oil ii second delay ear doter^inad eager ioen Oal ty . -fhi 



value seems appropriate in that the fine constants for respiratory 
muscle activity are on the order of SO to 3.0 0 mi liiseoonds. Thus, £ 
da lav longer than SO to IDD mi Hi seconds son id ba needed to late rear 
f -low changes caused by changes in respiratory muscle activity. 

h 555 type tiaisr chip 16 0 is set up as a 1 tH2 oaeillatar a Alar; 
with the Rc: combination 174 at the Filter input, eiensnt 1 60 control 
the cutoff frecuesey of the sxsitebed capaoltGr £1 Iters 153, Finally 
a comparator 16 2 with hysteresis, provided by input resistor 176 and 
feedback resistors 166 and 164, changes its state based on the 
differarice feat&?eeri the input flow rata signal and the processed 
flowrate signal* There is a fixed hystares is during the inspiratory 
phase caused by resistor 16 6. The hysteresis characteristic of the 
described circuit provides the negative offset during inspiration an- 
tes positive offset during eapiration nentioned above . 

During the e^riratory phase, the hysteresis is initially greater 
than that during i aspiration and is based on the saga itado of the fie 
signal as set by the uvrrsnf through resistor 164 and diode 178. T;h«s 
in ear ting amplifier ISO has a gala of 16 so that it saturates when th 
flaw signal is greater than G,S vol ts, which eerresponda to a flaw of 
3 6 liters par minute. The hysteresis is therefore almost doubled 
daring the initial part of the exhalation phase by virtue of the 106 b 
resistor 164 in parallel with the 8 2k resistor 166, in contrast vith 



the B2K resistor 166 acting alone during inspiration. That is, dux 
exhalation the output; of invMtor 180 is positive. Therefore, disc 
178 is forward biased: and supplies current through resistor 16 4 in 
addition to that supplied by resist or 176. 

Once too floss? signal drops below the 0,5 volt level, too 
Hysteresis decreases liasarly with flow rate to ba the $a^e as that 
during Inspiration. This feature prevent a pronators triggering; to 
inspiration while gradually increasing the sensitivity of the svsta 
reward the and of exhalation. The hysteresis is somewhat dependent 
the f low signal since i t is supplied through a res is tor 16 4. ^ 1 th 4 
components described (82h feedhaok resistor 1S6 , 1 . Sk input resists 
ISo) and a. to volt systes- power supply toot shown), the nysterssis 
ahead SO sillivoits ate aero flow, Shis corresponds with a trigger 
oft- set of so co per second shove the instantaneous flow signal > 

Pig> 9 illustrates operation of the flow trace shape trigger 
circuit witib the heavy line 168 indicating the flow reigns 1 at the - 
input and the lighter lino 170 indicating the processed f low signal, 
the s in pot to the systss comparator 162. tins 17 0 shows hysteresis 
decreasing as flow approaches rare during est a rati on. 

The triggering elgorithn described isaadiatsly above la raferrsc 
to as shape triggering pi a > reiving on shaogas is the shape or slog 



of the flow traot} to distinguish it from the flow triggering 
algorithm described earlier. Figs, IDA and X OB illustrate the 
behavior of two ventilator triggering algorithms when used in a 
simulation of a spontaneously tarea thing pari ant with a large 
respiratory tiaie constant, In each of Figs. 10A and IDS-, the 
uppermost trace represents estimated patient flow, the center trace 
represents patient respiratory effort, cod the tot ton trace represents 
ventilator pressure generated at the cant which inter faces with the 
patient airway. The letter X indicates patient inspiratory effort in 
each r espiratory cycle * 

As a>ay fee. seen-, Figc X OA 11 Ins trades the sorts of triggering 
pcohlems which were decor iced hereinabove and which have teen known to 
occur with actual patients. Patient Inapiratory effort does act 
consistently trigger the ventilator f as shown by the a synchrony 
between patient aflort, the estimated patient flow, and pressure 
generated at the nask « Fig. 10.B, by contrast, illustrates ventilator 
response to the sane simulated patient using the ahove-desor ibed shape 
triggering algorithm, feet with all other settings unchanged. A 
comparison of Fig. IDA with IvB reveals the la-proved synohronl action 
of delivered pressor e with spontaneous patient effort. 

If is noted that the simulated patient on which rigs. lad ana I OS 
are based exhibits signif ioant exhalatory flow at the oeginning of an 



inspiratory efforts; From Fig. IDS, it ssay be clearly seen that, tbs 
shape triggering algoriftta triggers appropriately at the beginning 
end of each and every inspiratory effort even though the i nspirato>: 
effort: begins while there is still ewhalatory flow. Thus, the star; 
triggering algorithm achieves the objective of synohroni sing 
venti later triggering with changes in patient effort. 

Figs. HA and: 11 B are siiailar to Figs. led and 1.0 B, reapeetivei 
hot. the sirmlated patient has a shorter respiratory system tine 
constant.. Pig. llh iilnstrafes r from top to Bottom, estinatad pats, 
flow, patient respiratory effort, and pressure at the nasi; tor a gi 
triggering aXgerixhn, and Fig, 11B illustrates the same parameters 
the above-described flow trace shape triggering algorithm. In Fig. 
11 A it is clear that even with a substantial drop in flow when pa hi 
effort stops, the system does not trigger to FFhP until flow drops 
below about 25% of peak flow.. Thus t the end of the inspiratory pha 
is not synchronised with the end of patient inspiratory effort. By 
contrast, the shape triggering algorithm of Fig. lis produces, for * 
sane patient, consistently synchronised triggering at the end of 
pat i e lit i n spi raxory e f f o r t * 

as nay be appreciated troi. the above description, e vast i later ■< 
ha triggered on the basis of changes in the shape of the flow signal 
which correspond to changes in patient respiratory effort , This 



triggering algorithm salves, s^eral vexing problems wM.Cfe have liraxt>< 
the dtil ity of Soia prior •tnuggsring algorithms such as standard 
pressure support, triggering ~ It is also to be noted that the 
described flow signal shape triggering algcrlthn does not rely on anv 
calculation of systa^ leakage, although the shape triggering algerith 
ran operate more reliably with an estimate of system leakage than 
without it. 

Although the described shape triggering algorithm works to trigge 
both to XFAF and to EFJ^P, it tends to work best, tor triggering to EPA 
because normally a., much larger and more abrupt change in patient 
respiratory effort occurs at the end of inspiration than at the 
beg inning * 

It will be noted further that the described shape triggering 
algorithm iaf be used in para 11 el. with the earlier described flow 
triggering algorithm to provide a dual triggering system in which a 
secondary triggering algorithm will function in the event the urinary 
aigeritbm malfunctions* a r hie sort of dual triggering eye tern can 
operate on a son tinning breath-to>-hreath basis such that at any 
desired trigger point the secondary triggering algorithm will trigger 
the nentilator if the urinary triggering algorithm, does net , 

Additional improvements in leak oonpensation t e cm nl goes are also 



corvtecplated by this invention. As noted id the afeovfe description 
cGneerning .leak compensation., the algorithm described there relies o 
two requirsm€iTbs as follows? (1) the patientis inhaled and exhaled 
voices over time are the same, (and indeed it the patientis rest 
vol erne just prior to the beg inning of inspi ration is the same fro^ 
breath to breath, the Inhaled and exhaled volumes for earn tndi vidua 
br eath wi ll also be the same I ; 12 } when the patient is I aba ling, tot, 
flow is great: er than leak flow and when the patient is exhaling tota; 
flow is less than teak flow. 

in the above description relating to leakagey only rotal patient 
circuit flew is actually measured even though this f low is made up oJ 
two compensate, patient flow and leakage flow. Farther, in the abow 
eeseriptbon concerning leakage the leak is not estimated as a f uhhtir 

; of pressure * Rather, an average leak is calculated by integrating 
total flow. Since patient inhalation volume ana exhalation volume at 
essentially the seme, the average flow ever a complete respiratory 

; cycle is generally equal to one .average leak per cycle. 

It is to be noted further that the leas cosponeat itself oan have 
two eomponents, namely tbe known or intended leak of an exhalation 
pert and an nnkoewm leah component result lag free one or more 
■ inadvertent leaks saob an leakage across a mack real or at a tubing 
connection, The an k nown or lead ver tens l eak component would be goite 



40 

diff icult to dsfeernins exactly as it can be a function of both 
pressure and %Zm* Tsersfore, to the extsst it is nesssary to 
determine this lead cospcnent, its value is estlsatadv doaever 
significant leak ^anagemant isvarsvasanrss as a also be developed vi shout 
separating the leafe into Its intended and inadvertent cosp;>nent&. 

Regardless of ahetber or not the overall leak can be obaractarlsed 
as a function of tine or pressure, the objeafive is still to adjust 
ana estimate of leakage so tlnat its average value la the ease as aha 
average value of tae ferae lead over integral resa-iratsrp cycles, Of 
coarse, febe average of baa true leak can be obtained as tds average of 
total Z&mt since tda pa a lea a f leu csdsoeent of average total f loo is 
aero » 



If one assusass ate lead Is a inaction of pressure, snob as she 
lead frsffi a hhXSPES SdXVSL (aa) connecter, ae shea can assume she feed 
will likely be leas at bPhP tbaa it is as ::PAP f nor. a aa average value 
eocrsspondlng to a sacasnre between a Pa a sad I?*P. Thas is, for a leak 
oaicd Is a fanatics of pressor*, the leakage rata at a loser seres sure 
Is less than the leakage rate at a bigbsr sresaaas. Ids 
character ist ic of lead gss as be utilised In algoritbas other tbaa 
that, described hereinabove do ooepanaate for systen Isskacn-u 



in all ape fens described herein, the purpose of determining 



leakage is to thereby determine pat. lent. fim id an opan system Of 
course, a closed, raster ideally has no lasts. Out in cractioe may hava 
inadvertent leaks? however , in an npan systsis gas blow frois the 
sy'steoy «sot^r by a regulated leak at an exhaust point or bhroggb 
infttvertenc leaks fros tubing connectiaes and seal istsrfaces, will 
e^stUute a significant part of the total systen flan-. Accordingly, 
leakage la the patient circuit of an open aystes can Pa calonlataa by 
using tne total fiov as detected, Oy a pseusctset. Phis panacea or, 
which we refer to as raw flown includes all flew leaving or entering 
the gas flow source (eg, ; a blowsr) via the patient: circuit, 
Pherafore, raw floe aaciuaea both patient flaw and systec leakage, 
tbe purpose of the described leak ssnagacenf aigorithn is to separaca 
caw floe Into palianr flow and leakage ooncosoac-o 

It Is not necessary to nlractly caesura either the cat lane flaw or 
I eat age oecponent of raw flown bet acaaagaeahly tba rase! as of tike 
leakage calculations are to be regarded as oaf lea tad values. On a node 
of ieaP aoenagecent is m a coined .hereinaocva cith reference to Figs, 1- 
to ;c The Sol losing algorittsn Oasoriscien relates to alternative 
approaches to lean nanagecant > 

for a non-casansare dependent leak;, ana f irsc determined whan 
par lent inhalation begins- We rater to thin point in the pat lent *ts 
respiratcrt cycle aa a the breath trigger arid ace if as a reference 



point to compare patient inspiratory **4 expiatory volu^- By usin 
tr s e eag.nning of inspiration as a braata trigger point, the leafage 
calculation U dona with the patisntf a begbnning iupg voix 
approximately tha sa« level for a vary nalcula tien , 



Usssa at 



Tha breath trigger refeo,sca point is Identified by £ atisfaatibn 
of two eoraUbiono as fol leans; CD raw flaw greater than average lead 
rate; and (2) patient is ready to inhale. Coneerning the first, of 
tbese conditions, the nonpar ison of raw flaw with, parage leak pare 
revaaia whether the patient la inhaling at exhaling becaaae, as neted 
above, the nature: of the raw flaw oanaaneat is such that raw flow 
,v C5 ad::: oyctao ieahayre daring patient inspiration and in less than 
system leakage baring patient oxpiratioa., 

The behead aonbltion ; that of determining whet net the patient is 
rea# to inhale, is aseassed by reference to either of two additional 
conditions as follows: pi 1 tha patient baa exhaled a predeternaned 
fraction on the inhaled vol ana, for exaople 1/4 of inaalation vol ana j 
or (2) tha pari em:: has ax ha lad for more than a prebaterrh ned tine, fx 
exsnpie 3 00 milliseconds, an aXternasiva statement of tha first of 
these ooaaitiona is that the patient f e axhaied veiuna is at least a 
significant fraction of inspiratory vol ana, da to the second 
ocodibcry an exhalation fine at mare then 3^ milliseconds can be 
defected fay oaopariaon of raw flow with estimated average leakage rat 



since, M ***** above, raw flow is than <«*l«.trt — P *«* 

rate darino ewaalatisa, « raw tllOW **** 4* **** tW« ******* 
leak; rate for longer than 300 .viilleaconde, the condition is .at. If 
• i«*r of the conditions, X or U^l, ahevs is net the eatwenf 
la ready to inhale. - of the conditions is arat and 

in addition aha raw flow is greater than average leak rata, the 
sonditions far a breath trigger are satiefiaa and an. --rxbed 
ceagitlaae thus can ha need to trigger the veatll.tar liar an 
i ns pi p& to ry eye Xe * 

The ceeclng contradiction of requiring raw flaw greater then 
s? , rfiq:8 leak rata to satiety one breath trigger eenaitaen, and raw 
H.ov tees, then average leak rata as ana Plater that can eatisty tea 
eaeend areata trieger aoedialan is eaglaiaed ae roitowa, lee 
conditio, that raw flow is greater than average leak rata aerely 
indicates thee the patient has den an an inhalatien eyele; that is, ana 
patient has exerted the initial iasciratery effort that is revealed as 
raw ticw eweaeding average system leakage. However, as diaevcsad. 
hereinabove, since the raw flow signal can and dees erase aha average 
leak rate signal age to aperioaa noise in the raw flow signed, eat all 
incidents of raw flow being greater thaa average leakage wild denote 
the beginning of patient inagiratary effort. In face, noise an the 
raw flow signal eay tygioaily result an ealtigie crossings between the 
raw flaw eigne! sad the average leak signal „ Bagecialiy troubiaeeee 



in this regard is noise causing a ncen.ary - to + tradition while 
%m actual oajor condition is the fie crossing aero due to a true 
inspiratory to expiratory trassxtion. 

In order to avoid multiple trigger at these points of signal 
crossings that do not denote initial .nations inspiratory errors, she 
additional reaoy- to-- i ebal e condition is irnossd, tinder this 
condition, she raw bloc- greater than average leak condition is 
vaiidassd only if one of she two rendition, indicating ths patinns'r. 
respiration one just previously in as exbalstory state is satisfied, 
in the case of the second or these coodisxensx the 300 siiXieeoond 
duration of raw f loe leas then average ieebaga oesrsspoeds so patient 
eKhalstisn. dnus , She sire eieoasS plays a role in the described 
breast trigger axgorishe and cess bo ucdsrstood. Haw f low less than 
average leakage indicates exhalation which then provides a 
renay-ts-.naaia output, h svbsegaeeS reversal of raw £lo« so a vabe 
greater than, average leakage indicates the detection of patient 
inspiratory effort. The breath trigger thus consistently initiates as 
in eg oratory cycle in synebronlsu with spontaneous pasxent respiration. 

doss the hsaat.b trigger occurs, toe ready- to- inhale per ace ten is 
reset so await cat isi action of one ci the two coroutines specif ied 
above that provides a ready- tc-lshals validation. The breath 
triggering process Is then repeated upon oeourrenos ox the nexs 



patient; inspiratory effort when raw flow again exceeds average .syate^ 
l eakage w 

^he tire internal Between breath triggers fros* one breath to. the 
next can he sagtured and the raw f low signal intaaraaeh oyer that tire 
int a aval to find the raw vail o n e or total valuta for each hreath. The 
raw voluate ray then ha divided ha aha tlae between breath triggers., 
for example tha aire interval betwaea the nert aueceasiae pair on 
hreath triggara, to deaeraane a recant tine rate of laakaaa . 

It: ia noted that the patieraf s raapiratl en free oae hreath trigger 
to. the next, ae represented by tha integration of the raw f low alanai, 
rises fare aera vstare to a :aaaiaa.a vahae aooarieah at inspiratory 
volume and leakage aohsna daring inapt rat Ion v Aa the raapiratory 
cycle aontinaea throagh eaairatxon, tea aeatineah integration ;o£ 
negative flow raducea the raw velaae nana aeter arogr esal va 1 y aa the 
eahaled volume ia subtracted, dSies , at the next hreath trioger ,- the 
raw volume per avatar froin the prior hreath is egaaX to only the 
leakage aoliaaa and any aha age in patient tasting voisaao however, than 
latter valaa gone rally ia a caused to he ssro, 

Thnau a a the raw volume parameter is real la only leak vol are, 
dividing that value by the ti-ae deration of the hreath: provides as 
eat irate of the leak rata far the :aaet recent hreath. By avaragina 



tbs recent leak rate over time an average leak rate can foe determined 
to provide a more stable signal, mom benefits, tela reduces 

any effects of iev.^tJv-to-arvath vebaae variation reaalfing from 
oreath--to~iareath changes in patient resting colons. The marker of 
r asp i rarer y cycles ever which the recent teat, pay fee averaged to 
determine average leak rate saay foe anyvkere between one ana infinity, 
depending upon the desired balance ketceen signal stabiiibv and rapid 
error earraot.cn. Longer tore averaging resoles in greater seaciiit.y 
tut slower error correction. Snorter tare averaging provider less 
stability bat quicker error correction. 

Finally , 1* tav be no red tbat its average leak rate ones a 
oaleuiotion in described here can used initially in tbis aiecritOn. in 
one or tte conditions for initiating a breatn trigger. The pa race tare 
seed in the conditions lor initiating a breath trigger true ear. be 
continually updated, used to saoisfy ate area tP trigger conditions., 
and then the srcceasiva breath aria gene are need in tarn to again 
epdare a dean parameters; . 

k related approaok to lea tag a analysis involves one asa of a leak 
ocoponant which is, or la aacared to be, a ianction of patient circuit 
pressure. 'this scat of leak analysis can be asefal in suck 
vsnaiiatieo ragioens as , lot eaargrle, proportional assist aent ilaticn 
asch an described in d, d.. patent .$ f lQ7 t BW* It la Inpertano in 



proportional assist ventilation to knov bosh the average leak rats «*g 
eta instsntaneoos leak tor tnc system , However, proportional assess 
ventilation .involves variation of prendre according to the level e| 
ventilation assistance regaitsd foy the patient:, free, raent to sonant ... 
Since at least acne convene at s of ays ten leakage can be a lunation of 
pressure, those components will also vary sere or leas in synchronism 
with varying patient ventilation needs. 

Thus, an alternative alaoritas for leek analysis that ran fca uised 
l:a a proportional assist ventilation eye too and in other sy aeons as 
deened s^i ruble were la be based on the requirement thst patient flow 
agnais rev flow, as defined nereinatove,, less any known leak oeoponens 
and any pressure dependant leak oeoponent. Known leakage nay be any 
leak, intentional or otherwise, having known flow characteristics , for 
eaaopie the leakage through a hi X IP 1.1 SWilEL (to) or tnroagn a ptassaa 
exhalation valve. That is, the known leak is not necessarily a fired 
leak, bet can aloe foe a function of pressure -, AX though such leaks of 
known characteristics sou Id foe looped together with leaks having 
unknown characteristics but aasoned to be functions of preseors, the 
fcllewing analysis can be carried out with .leaks of known 
oharacteristias included or awoladeo iron the leakage calculation 
described. 

The pressure hependent leak;, whether ecniraitnteh of total leakage 



or only a exponent of total :ieala #j is calculated as a function of 
syst:,, pressure fro, analysis of the flow tl^f* , *** function ft 

whic h the pressors, depends nc leak cooponsnt is related rs pressure Is 
that for anf orifice ^fining a pressure drop between a pressor i red 
system and a lower pressure surrounding environsent, the flow torouei 
the orifice wt.il fee proportion! to the square root of too pressure 
dif ferenos across toe oriihes suit, .si Led by a constant K whales 
obaraoterisas the nabhanfcsi faatoras Of the orif ice .itself , that is: 
its sire, surface smoothness , are so forth. 

To fine ths pressure dspendaos leak component, is is access a py 
only so character ios one hypethetlsai of if Ida as resrssentirrg the 
source of ri pr assure dependant ioakags, To fi,.d the hyposhssissi 
orifice, the breatb briggab defined shove is uti f ired to oarh toe 
seginnioo sod end of patient respiratory cycles, and the average 
pet sen t elrouic pressure is sesserea for each breath. The seerage 
leak rune, ss calculated hereinabove, is nottiplisd by the rise 
duration of the pr ovinias breath to dttersine pressure dependent lead 
voiuos on a per-bbsath basis- If the pressure dependant leak 
csrponant is separated fros she Known leak corposant f than the known 
leak eonponent is also separated fros average leek rate before the 
average leek rare is used to determine pressure dependent leak voles; 

The pressors depestdsnt leak volssoa is than sividsd bp the e varan 
of the sonar a r 



,,viov brr : a".h to give fete 

"""" : . .. ., »«■ * ^™* 0 * p**-**- 

. , *** a function 

gives too prea S ,,:e .... , n ;: ,cn 

.M, M S : «tt .ieeerixnr;: p: ,>— — 
tnrcunhout tm, WW***- — ' ' . c , <;:1 ,,r:iet: 

. ,,< , as th, above c^r.c^r,^ - 

^ 1W,l0ai ^" ' „>r, Itisi^ ****** 

ve^ilat,^ Her. gen^-V, — 

. . . MOIe info^tlon on " ' " 

. . ,....,v ttoer^oro can toe u«etu. x„, 

pressure dener ; cenv — 

s , ra=Mi ,^ 1* * ***** 

, .< , ... ,W with ««« xn^ancK when a 

rB uti«a 8 ar. - - £lew 

_„,;. , OTllt when it sooula cat* *» - " 

\,. r . ;: > s ,, s , to toe large enoogn uu,. - 
this increase ex a^> 



tdaan 5 second, O) tidal ,o,u,e ,e ^ w ~~ - 

or ( 4) expiratory tidal vol,,, is 1^ **** ~i -tar< 

,ne v,,U^ *X™ - ******* 

oration ,0 ***** o^e- o* an, on« o* the,, «<*^ *<* 

such svest is astiiCvfe, - „ 

tht rev «X«v# signal by graaoax.Y 

. . . d! f f er,;K, t«i raw flow and average 

adding a parcsstags =-»•.• — 

, ^-«:f««»fei.y, the psrcsntags! 

I&sk to t.ne average ^ a >..-,, 

_ -e arovllas a aire °" 

diXlsxenoe added sSsa^a u« -~ 

aparoid-ratsty one second. 

, F «. a»*»l - X«X rate *, «*» 

rayetdyd^ leak sa Icsiatxona 

algoritdms ss osicribou <e,o*e,. — 

will then resu^ wito each respiratory cycle. 

* w the above leal. al^ri^ it *»y te seen M»* the 

.igori**..** --co Pa *».«d an eoayariron of .cti,atad yacient «o* to 



. ,oro value, and calculate only an WO*** *« a foooabon of 

sreasU ri. in a « to tha 1*** *i*or±*l» above 

.naracteriaed f a breath i ndioator or tracer i s .WW** ** * 

the atari of patient inspiration The breath triggor oecaars when 
«« c^itioas are n^iy: d> patiera flo, la ynea^e 

than 0, and (3) patient, is ready to inhale. The raadp~t,^intala. 
condit^ 1* satisfxed wbana (U the patieao baa aahaled a specif iaa 
portion (eg. .5%) of inspiratory vo3amaa (2) estimated patxanb flow ,s 
tesa than G j and (3) inspiratory voin.e is graatat than a constant 
rapresanted by 0 or a naali positive value. 

aa with the aboV--bescribad aiaoritdna, the cona.tiora reeoiriag 
insnbratorv volume to be both lass than a percentage of arpirarary 
volua* aaa gvearer than a a.,11 positive aaiae era not aentradaetory 
„s sheae aeasaaaceaCs are tabao at dxffarant tioas, Firat, tee 
r^w-io-iaaaie ceadiaioa oust be aatiaf ie,i by the specified 
parameters, bnaloding detection of aa astXa.ted patient alec leaa than 
aaao since the lass inhalation. Than f a braaaa talggar nan ocean, ahen 
eatfaated patient flow goes positive axne, estiaacad patient Oo* 
greater than 0 indicates initial patient inhalatory effort. 

Fro, one breath trigpr to the nana, ran flaw la Integrated and 
the sgoare root of preasore is also- Integra tab . Then at tha next 
hreath triggnr the onkaowa critic, is ealoalatad by dividing t:he vaioa 



oar;, i red fron rax. flaw intsgraUss by the value obtained from 
Int^ratioft of ;:he square root of pressure to provide the 
cheraoeertstio x for the unbnoam orifice. Pa noted above, oho ankcown 
orifice is a byacthetxsal leak source inhenoes to hsserice the 
ahsrea-teristic of ieakaua froo all sources of pressure dependent leak. 

©nee -he unknown orifice characterise do has been caicaXstad , it u 
cafcipilod be the -square root, of patfervc circa ft pressare at cay P.me 
elurinu the Soiiou'ioc breath to provide a oaasurs of the Ins tastaneeus 
aoksovn leak. Estimated patient floe- Is thee fount by asbtruonbaas roc 
instantaneous uhkno^i leak from the raw flow. 

In both Of the algorirhbs which treat the sysuec leak as she pas 
floainp rhroueh a hypoth. s e-:.ieal orifice of character iscio hp she 
eaeateaa K is e calculated in essentially the s sitae way. APchougb abe 
equation far the oh leal at ice is Par iced differ early for sac two 
approaches, the rasul a is the base :., as foiXssjs. 

T 

K - ud • • «?M 

f p/Fr«~7;c) it 
0 

w<s baas .nbtap? aaova bisd as sea aspect af the tovs-vtlGt we cades la te 
leakage *s a feei'tkss af gas .p-r.es- accordantly, tea oaeaUao for 
calcudatraq the coattaat X cat be sere ssnaraldy siotee as 

r 

fffei&l d sudds 



in cases where the syst^ also includes a Known leak cosponant 
each as a. lea a reoultang fro, use of a plateau valve or a WHISPER 
SWIVEL (to; as doeoriPed above, the calculation, cat be oodiaied to 
provide greater aoaoraay fee aabtrastiog aha koo.n leas component free 
raw flow prior to .ntegrataon of raw flow to datarrdne the u« 
orifice, and: aloe prior to utiiiaing raw flow to datarsine eaeisacad 
patient f low , In this case , the infeoral of raw f low oiens eh*. Known 
leak, divided by the integral of the ssaare root of pat ieoa circuit 
pressure will provide the earaneter K eharacsetloing the urbenown 
orifice aotrihotahlo to only' the nokaown leak. Sat orifice 
eoeracteristic K can than bo. doltipliah hy aba aquare root of paaosnt 
circuit pressors coring the sebseauses breath to provide a seaaera of 
toe anan^n leak oooponono. Estirasrd patieof flaw at any t*W« ahen 
would be found by subtracting beta the known lest and the ceiaeiaaed 
unknown leak from the row flow signal* 

Tbo roc idled aigsritloo pnaharssly a lea includes a reaovary roatir 
tor eaaeaoially tbo same raaoona as sari lor stated* A breath triggar 
for this sodiflab algorifhaa depends upon estioatsd patient flow 
crossing tba ooro voice as the par, .eat breaths, then the leak value 
changes, both rao flow and estisateb patient flow will increase if 
the leak is in areas lag, or deeraaoe if the leak, is decreasing. It is 
possible for oosh an iocresae or dssrsase fa be large enough that 



******* mo, will sever »*o» th* 0 ^ ~ 

no breath trigger occur, and there fc* *o new or updated leak 

calculations unless a recovery routine is pariorsed, 

To correct this condition, a recovery aleoritrm nay ae asilirsd to 
detect; ohan 1 eat, go calculation is out of control aeocrding fee two 
Uniting paraeotara as fellows: (1) inapiratery tidal votuse is 
greater ehan a physiological value once es 4.1 1 there; or (a) 
inspirsacry tid,l eel toe is less than a non-physiolagiosl valve such 
as 1, liter. When either of these non-physiologieai events occurs, 
the leakage cloclaslea is put of control end the system leak oust, be 
rediscovered by artit icially inducing a breath trigger.. Sus, the 
sysaaa -would require t lav detecting apparetae to sense the spociiied 
limiting values, of inspiratory tidal volarse ana nrovvde a breath 
rigger reference point. ah is restarts eyatca operation aasenaially 
In che ease sansar as doecrJ.eee above cite reference ho caher 
aigor ithea, and thus enitiates a new leak oalcaia. A on . The date - • t 
for these cos visaed catcuiat icae can include date from after the 
change in leak ^agniirede so that the estimate of the anknovn leak Is 
inyroved. Even if the new unknown leek value is incorrect, continuing 
rapsared calculates also will be bused en data free after alia change 
ice lead, regrieude. Thus, the oe located astinate of unknown leak will 
continue to gviokly approach reliable values. 



Pipe 12 illustrates the described leak sanagssent algorishs in 
action, with: intent: icr : ai introduction at a very mm® tn Fx ^' 

12.,. the four tr^-c represent, fror top to kedton, pressure, estiva ted" 
pat tone flow, , ;tl mated inspiratory volere, and estinaded iaaa 
(eoah:dnad known and unXnom leak ago). The X axis is progressing tins, 
poving £rcan leit- to tight. 

as can he seen iron Fig. I2 ; for tna first throe respiratory 
cyc3.es the ulporithe is able to determine leakage as a function of 
o ran sua a. At toe start of each inspiratioa an una noon orifi.es 
characteristic K is caiculatad. Points 1 and d on the sstissted 
leak trace show the transitions between errs unknown orifice 
characterisflo K and the sexp which is an updated unknown orif tee 
characteristic. Point 2 on the eatieatau leak trace snows a nook 
ascot har transition between old and new unknown orifice 
chaaaetarxstios tnan doss point X, shut indicating that, point a is a 
transition, between unknown orif ice oheaaoteri aid oa of essentially the 
sane vaine, 

:T0 teat axeorithrs resecnae to leakage, a vary iaage leak was 
introduced as indicated at point D on the antinated patient flow 
trace < Predictably, dds esdi.sated pabiens flew and entissated 
inspiratory uexoee rise off scale aery guioktp, At tine In escheated 
inspiratory nolens das reacted 4.5 liters and a haeath snigger thus is 



forced, me resulting <-a:toulatlon ^stl^ates the leak to be a very 
high value which, in the esti^ted leak portion of Figs 12 is off 
scale. The resulting eetimstsd patient flow ia aperoximabaly 50 
liters per minora where in fact it should be z®%&* titi&X yolutm 
continues tb rice rapidly as indicated at point 3 and wguXd ulti^ahel: 
teres another breath trigger when it reaeheh the 4.5 liter lie >:t , Tm 
large system leak ia removed at rima $** howaaera so the rise la tidai 
volume ceases. 

With the leak removed tree the .systee,. estimated patient flew eeh 
est imaoed i nspira tory veiame rapidly drop of f seals . Thae , .when 
iaepiratory tidal volume reaches the recovery limit of - 1 liter, 
another breath eriager is tereed ream leasing to a .new leak 
oa tcalabion and: a rasa ft lag esf:ina:sed leak lower than the .prev:io.u : s 
leak oalealatioa. This beinaa aetieeted pat: 1 ant flow rank ante scata 
aiaaoaus the new leak cal out at! en in barter than, the previous one, la 
is net be any means perfect ... bhth estimated patient flew based on 
thin new waknewn leak orifice oharaseer intra tabs! vol ana may enoa 
again erne below the -1 liter lixala sash as indicated at point 4 raws 
forcing another breath triggers Once again a new unknown orifice 
calculation is performed and read for an unknown leak calssl a hi an 
whleh results in vary goes eaa.se, thus returning the system to 
normal ranges of or er at ion, the ays tan than was reliable in recovery 
from seen very large changes in leek aegnituha. The each aealler 



onanaea in leak magnitude that: are Kiore connonly aneo^acared are 
raadily Tvandlea under this algorithm by either the Boreal calculation 
or the recovery calculation. 

Of course, v;e have ccata^platea various altarrhutive and ^adifiad: 
: <5-E:;bcdi-:iaen -: tS5. of the invention of which aha above described are 
exfe^pl^ry as the presently coriteaplated bast modes tar car^-Yicg out 
tha invention >, dead alternative c^bodi^enta would a lea surely oecar 
to attar a am Xiao in tha art, onca apprised of our invention. 
Accord inaly, it is intended that tha invent ion be eanatraed broad iy 
ana linlted only ty the cecpe of the eUlms apneadad harato. 



THIS Cfi&EKff BBFXalX^G Jl® X^^^XO^ FOl^DWe c 

1. A :^atk:4 of datactir^ c;&ax:^;SB ;in aha 

re;$:pi:?rafeory stata of a patient inspiration ana 

anarrotioa aom^ri^ing the st^pa qf4 

g mani taxing the respiratory gas' f law of aaah, a 

froa Bald aaoal/tor lapa dataraaraing a patient 
r^mpiratD^T gas? flow ek^ac :t a:aiat i.a at selaaXad tana 
intasraarXax 

I 10 comparing soXeatad. pairs of said raap fraaara gas 

| £ low aha r act^r :1st: ;La a •:>. and 

- frQ^v 4a id co^parin^^ ident If yiaa' o hang a a in she 

I pat ient 'as raspiaatars/ state haswaaa ixy^irati^n and 

1 a^pinatioa> 

t 

| I- Tan nstsod aa iset forth la olaixs X wherein 

said, oonanring etap iaoludoa aonparias a later datarniaad 
raspirateaaf oaa i'Xaw eharaoaariat io with a rraotioa of an 
aarXiar dasarsrinad naopiraaarp fas fXsv? caaracaaaia? t lea 

3-x. The aetkad as sea forth in alaim a anorain 

aaad raapirator-a a;a;s £iow a^xact^^iatio is the patianta ^ 
re a p i ratoxf a a a a lo^ rat a , 

i> The aasthed aa set forth in claim X aanaraia oaah 

said soloaaed pair of respiratory ^aa flew oharaa tar latiaa 
isasadas a prad isasd raise of tea patiesn's r^pirst.ory gas 
f law rata a a a soleatad t iaa ^ and tha paaiaxn-a a ant sal 
raapira torx pan f low rat a at said aalostsa aiaa . 




5* -ha asthoo. aa sat forth ia clalxo. 4 

anaiadina the additional stop at diiraaaat iaaiaa a. kxxaan 



~ 7 B ™ 

patiant :K:sis|)kat:0rY ;ga^ flow rate to datsaina its 
deriTafeiTa and pr^csg^ing raid derirat and aaM k:ao\oa 

patient; reapiraoerp gaa rate fees datia^-^ina 

p:^edlefcedv value of tile patiantPa respirator §is flossr rate. 

6. x Toe aaittnod aoa s^t forth in e2 : a:b^ 5 ^terein 
s?ald proees^g atep Ineludeo acalLng said deri^atava with 
a scailing factor to obtain a scaled derivative, 

7 . A rothod of dat^sinl:ag toe leal aoovponeo t 
of gas flow In a raepiaat ory gas aapply apatesa for 
:A5pplying rsapiaataarp gas to a patient oeopr ieixie too ;atapa 
ore 

aot:a;mini4g are l^eg;lox-io:.g and end of an integral 
nm^ber of pat loot breatoa , oaofi eo;awieed of ao &spiratosy 
phaao ana a. srpiaaaorp phaaa.? 

intao-atlog patient roapiraaorp gaa flow rats 
thaota^op^t at leant eoa\o of aaid patieot braatha to 
ootoamxoo total raapiratorp pan volnoa for aaid at loo at 
araae of arid pationt braathoa aod 

airldiap ;aald total reapiaatoay gaa roaome for 
a a id a t leaat eo?aa o f arid patient :br oato,a the t i^a 
duration of tho reapaotiae patient ereatna to deteaoino a 
aaakago rate for aaid at leaaa eooa of said patient 
breathao 

^ The ^etfeocl. as set forth In elaiw 7 
laoladina tne additioaai atop of avaragi:ag aaid laakape 
rates of aaid at lea at soa^e of aa id ra ti ant breathe- to 
dntoaadlre an average rata of reapiaatorw gaa Xeaaaga tao^ 
aaeh a roaplratorv gaa aapply apsteau 



^ * ^ aaathod of deterartaiag a an rate of 1 oarage 

arorv a reapiaateav gas aoppXr epster whiok aoppliea 
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sspiratory <|as glow to a patiana at *jw.e£ff£«<l flov? aabea 
and. &ra9*mtMS& co^rlsfeg the atapo >o.fs 



debami?iiBg a&ici rat: a of leakage ae a leak vmic;h 
ias proportional to &fe root: of praaisora by a 

a con-tar^ of proportionality aahara 

T 

I'. (total. Sow) cit 

aha naaa*aator of eg, 1 rapraa:sn.t:in^r avaaaeo lean floo and 
the denominator of aapreaaatiap oho ralatlaoahip 

batoaen the leak rata ana praaaaae. 



10. Pha mat nod a a aat oanta in eXaa-a 4 :o oar a, in 

aaad praoaotad ^aaaa of th.a patiaat ^av aaap iraaory pas £Xov* 
aata : is oetaariinao from an a a to a | patient s::a^piratory pas 
aloa? rata aiiioh occurred at a tabaa paior to said: aaleated 
taaaa. 

1:1 * method a-, -sea forth in olalei £ ada-aeixx 

15 said praaaoaiap stop additionally :haaiadaa modify lap said 
aoalad aarlaatiaa with aa oaf aat factor to oataa:olaa a a id 
paaaioaad aalao of aha patdeatPe respiratory pas flow; aaaa. 

12 • ssasfcfao* a a eat forth In claim & aha re in 

aaad aaaliap factor iaaladea a tke factor. 

10 °* Tha aiathad as oat forth ia. claim 12 saaerei a 

said tiaa factor ia detarrdaaai at leant ia par a by the tioxa 
span hetaaam eaiol ao laa t ad aloe ana t iaaa pr i or t o a aid 
saaLentad taaa 

X<U ^^'hod ea aet forth in oXaiav 1 3 aheraia 

said proaa^aiap atop additionally iaaladea aa>a if yinp eaid 



aealed deri^atji^^ w£t& *j» of feat lector feo dte"fcAJ»iiMr b*A4 
predict ad toIxhs of the patient ^^iratory gas f low rat^, 

1Sv 1:1*0 anrtnod as set forth In claim 7 ^^rein 

feo^rjsdning t!m bef i^ing ^. ^d of an integral 
number of p^iffit breath iaolodas tba additional steps of 
ccntin^Xly Coring th, total flow rata of pa enpplied 
by auah a respiratory gas supply system, and f irst 
contirmanj oor=parirg said total flow rate of gas with a 
p:rr^otar correapondiag to .said leakage rate to dot act a 
first condieion ^:dxaraoteriaaa by said total flaw rate faring 
a^r eater than said leakage rato. 

fK a r;ethod as set forth in alaim 15 wheanain 
said determining the heginrioo and end of an integral 
neruaer of patieat hreath^ Iraladss the additional at ape of 
aecoxai cent inaa fly aompaaisp said tdt.a.X. flaw rate of gas 
wiah said parsrnrter ccrnre spend ing t£5 eaid leakage rate to 
detect a seenxrd oonditioa char acter ired by raid total flow 
rata being leas then said leakage rata, and idant i f vino t.hd; 
oaonrranao of eaid awlr^lation phases by a third condition 
ckaracteri^ed by oooarrance of raid seeend or addi t ion 
eonainoonsly for e predetermined period of t has - 

xg % fha rarthod as sat forth in, clairi la 

inelocllng; aha additional steps of periodicallw repeating 
said dataarvininoa integrating and diriding a taps to obtain 
apdated walaes of said leakage rate, and atiliaing raid 
^cktad ralnes to r^patrt^lv parf Qr^ said aeneinnslly 
mondtoring* said fir an and saoand aoatinaally comparing 
and sa id ident if ying stepso 

II,: A sasthad of determining gen leakage in a 

respiratory gas sepply ay at am. for sopp lying r asp ir a tory gaa 
t-a a patient oonorisinp the steps of a 



far^:erral.niaxg the .time deration, of at least one 
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ps t l aat araatba 



d^^^:mx^p ^.rage leak rate foxr Bald at 

X^ast ona pat lea a biBath^ 

saultipl^ing^ ^a:I<I rMrag^ leak mt^ by Bald t.l^a 
5 daratioa of a&id &t fe^sti one braath: to datsroina a total 
leakage f lo*f for said at; laaaa ox;a braatbs 

<kit«i^fning the a^arag« o£ a oi.aa$-i furat loo. of 
gaa ■ :^w^r© for Bald at least one breaths 

divioi^g a a la total Xaa^ of said at least ona 
10 breath by aaia a^rap of said frSysfe funooion. of gas 
praBsura for said at laaat or a braaab to dsbarrolas a 
oonstaat of proper alaxxali ±y ralatirar said ararage prBssiira 
to said lark- rats; 



pari od lo a 1 ly: da; t o rmio i a g aba i a. a t a a t a a a o a s 
la prasaoro oaoarring durinf arotaer patiart hraath asbaaaaasst 
to said at least or<a breaths a:aa 



^ita^l^ls^^ said s ir an rs ratio a of aaia 
pa riaa ical ly aata:&i:v£aad i natan^anao-rs? pros ss:aas By said 
soasaaat of prapart ioaalita to dator^^ira a -laakaga rata for 
2 0 said aaotbar paaiart brasta a s a isaotioa of: pro r ap re 
during aaia aaotbar patient areata. 

!>>.v A oat bod of datasrdnang tha rata of .boakaoo 

iaaas a rsaoiralaorr gas supply arsta^ vmloB sspalias 
raapiaatarry saa flo^ to a pat far a at apaaif lad £ low rat as 
15 asd x>rsassasB oaa^prisiap- tha a tap a of a 

dat^r^i^ing said rata of asskass aa a Leak whioa 
la paoport.ioo.al to a plaar. faratloo of praaaur^s by a 



- 93 ~ 



T 

f Hotel O&wjdr 
K « 9.™_ 

tba :^eratp : r of eq, 2 rspre^^^itinf Average .lo>~k £lo^ and 

denominator of 2 representing tba x:0lat:£c^^klp 
iietvmen t:aa leak rata a:ao - 

S B&TED 3 0TH DAT OF ^D^EKBKR 

By itss Patent ittor^ ; 
GHlFf X^H HACK: & CO* 
Fexlo^a Xn^tlt:nta of Patent 
10 Attom^ys of & antral i a 



^BS^AC'W OF THE DISCLOSURE 



At- Improved ^vetho^oXogv and sfst^s for delivery of breathing gas 
such as for the treatment of obs:truoti\-$5 sleep apnea through 
a : ppl.i:ca.t,iah. cor :altex: hating: high siO,d low level positive .siway pro-esora 
vxthi-n one o;.ir^o : y of the pat :1a no wioh the hioh. and lov airway pre;^;a:>:t 
Poiog ooor donated wioh the npontanaooo roe pi ration of oho pot lent, and 
inproveo Tivethodo and apparatus for triggering and for ioad o>anagenent 
in auod oyoteoo * 
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